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Extraction, Separation, and Con-
centration of Some Anterior 
Pituitary Hormones 
A. J. BERGMAN AND C. W. TURNER 
The pituitary gland is recognized as the integrator of the endo-
crine system. It secretes a number of hormones which stimulate and 
control the activity of many other endocrine or "target" glands, in-
cluding the thyroid, gonads, adrenal cortex, mammary gland and 
pancreas. Besides being responsible for the regulation of growth, 
there is increasing evidence that it plays an important role in the 
regulation of carbohydrate, fat and protein metabolism. 
The tremendous advances in our knowledge of the physiological 
role of the hormones of the anterior pituitary gland have outstripped 
our progress in determining their chemical nature. Research has 
shown that these hormones are chemical substances. Insofar as 
can be judged by the present state of our knowledge, it appears that 
the anterior pituitary hormones are of protein nature or else so 
closely linked with proteins as to be inseparable from the protein 
substances. Because of the protein nature of these hormones, one 
encounters difficulties inherent in the study of protein chemistry and 
as a result chemical purification has been greatly impeded. The 
difficulties of purification have been further increased due to the 
interrelationships of the endocrine glands such as the thyroids, 
gonads and adrenals, resulting in non-specific responses in organs 
which complicate bio-assays, in addition to the time-consuming bio-
assays themselves. 
The preparation of physiologically pure or nearly pure fractions 
has been accomplished by obtaining in various fractions protein-like 
material possessing slightly different physical properties. The meth-
ods by which these active extracts can be prepared from anterior 
lobe glands are numerous. 
Two procedures are generally used for the chemical purification 
of the anterior pituitary hormones. One method is to isolate a par-
ticular hormone at the expense of the remaining hormones. While it 
appears that the most potent extracts have been prepared in this 
manner, obviously it is more expensive. In the other method, efforts 
have been made to fractionate extracts of the anterior lobe with a 
view of isolating in relatively pure form several physiologically ac-
tive protein fractions. This method has some advantages . in that 
fairly potent extracts of several hormones may be had, but in gen-
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era! the potency per unit weight is less than in the first method. 
No systematic procedure for the isolation and separation of each of 
the several hormones from the anterior pituitary has yet been de-
vised. Nevertheless, it is apparent that a knowledge of the distribu-
tion of all the pituitary hormones in any extraction procedure is 
.essential to the purification of any one of them. 
The investigation reported here is concerned with the chemical 
separation and purification of the hormones of the anterior pituitary 
gland. It has been demonstrated that these hormones play an im-
portant role in the growth of the mammary gland and initiation and 
maintenance of lactation as well as in other physiological processes. 
Emphasis has been given to fractionation of extracts of the anterior 
lobe with the object of isolating in as pure form as possible the 
physiologically active proteins present in these fractions. 
REVIEW OF LITERATURE 
. THE FOLLICLE-STIMULATING AND LUTEINIZING HORMONES 
The gonadotropic function of the anterior pituitary was ably 
demonstrated by Smith (1927) by removal of the gland and also by 
replacement therapy (Smith, 1927; Zondek and Aschheim, 1927). 
The suggestion that the anterior pituitary might secrete two gona-
dotropic hormones arose with the demonstration by Smith (1927) in 
the hypophysectomized female rat and Smith and Engle (1927) in 
the immature and mature mouse and rat, that pituitary implants 
produce both follicular growth and luteinization of the ovary. This 
viewpoint was further strengthened by the report of Evans and 
Simpson (1928), who were of the opinion that the stimulus for 
follicular growth might not be the same as that for lut einization. 
Fevold, Hisaw and Leonard (1931) were the first to report a par-
tial separation of the pituitary gonadotropins into two factors, a 
follicle-stimulating hormone (FSH) and a luteinizing hormone 
(LH). The FSH, when injected into immature or hypophysectomized 
female rats, produced follicular growth and uterine development 
with only slight luteinization being observed. In the amount in-
jected, the LH alone had no follicle-stimulating properties, but 
would luteinize the follicles produced by FSH injection. Van Dyke 
and Wallen-Lawrence (1932) and Evans et al. (1932) reported they 
were unable to confirm these results. Later, however, both Wallen-
Lawrence (1934) and Evans et al. (1936) succeeded in separating 
the two factors. 
Early work by Smith and Engle (1927) showed that pituitary im-
plants stimulated tubule . and interstitial cell development in the 
male testis. Greep, Fevold and Hisaw (1936) found that the FSH 
stimulated only tubule development in the immature normal and 
hypophysectomized rat. The LH acted on the interstitial tissue 
while the germinal epithelium remained unaltered. In hypophysect-
omized adult male rats, Greep and Fevold (1937) and Greep (1939) 
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observed that the FSH fraction would sustain and repair the gameto-
genic process, while the LH acted on the interstitial cells, causing 
secretion of the male hormone. These results and others that have 
appeared in recent years indicate that FSH produces follicle growth 
in the ovaries and tubular growth in the testes, while the LH pro-
duces luteinization of the ovaries that have undergone follicular de-
velopment and interstitial cell stimulation in the testes. 
While it is generally agreed that the anterior pituitary secretes 
two separate and distinct gonadotropic hormones, the belief is not 
universal. Saunders and Cole (1938) have expressed some doubt as 
to the existence of the two factors since they were unable to obtain 
complete separation. However, the results of McShan and Meyer 
(1938), Rinderknecht and Williams (1939), and more recently those 
of Greep, Van Dyke and Chow (1940), Li, Simpson and Evans 
·· (1940a) and Chow et al. (1942) lend additional proof that the 
hormones can be chemically separated. 
Extraction of the Follicle-stimulating and Luteinizing Hormones 
The extraction of the follicle-stimulating and luteinizing hormones 
from pituitary tissue has generally been accomplished with aqueous 
alkaline extractives, although Fevold . (1937) has reported that both 
factors may be obtained even at pH 6. Distilled water, dilute salt 
and buffer solutions, dilute alcohol and aqueous alkaline alcohol 
also have been successfully used. 
Fevold, Hisaw and Leonard (1931), Fevold, Hisaw, Hellbaum and 
Hertz (1933) and Fevold and Hisaw (1934) used 50 per cent aqueous 
pyridine at room temperature to extract the dried sheep pituitary 
glands. Later Fevold (1937, 1939b) extracted with 2 per cent 
aqueous pyridine in the cold room. While this method was a little 
slower in action by being less alkaline, it, in his opinion, offered the 
advantage of being an effective preserving agent at the same time. 
Wallen-Lawrence (1934) extracted dried pituitary glands with 0.02M 
NH4 OH, while Fevold et al. (1940), in attempting to extract other 
pituitary hormones along with the two gonadotropins, used dilute 
aqueous NH40H at pH 8. Evans et al. (1936) extracted with one-
half saturated Ba(OH) 21 but later Evans, Simpson and Pencharz· 
(1937) used a dilute alkaline solution. Chow et al. (1939, 1942) 
found cold 2 per cent NaCl effective, while Rinderknecht and Wil-
liams (1939) used a glycine-NaOH-NaCl buffer solution at pH 10. 
McShan and Meyer (1938, 1939a, 1940a and 1940b) made potent ex-
tracts by shaking the pituitary powder with several volumes of dis-
tilled water. In order to obtain an extract rich in other pituitary 
hormones, Bergman, Houchin and Turner (1939) extracted with 60 
per cent alcohol at pH 9 to . 10. They found that this method also 
extracted the gonadotropins quantitatively. Jensen, Simpson, Tolks-
dorf and Evans (1939), Li, Simpson and Evans (1940a) and Fraen-
kel-Conrat, Simpson and Evans (1940) found that by using 40 per 
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cent alcohol they avoided extracting large amounts of other protein 
material. 
·It thus appears that the gonadotropic hormones can be extracted 
from pituitary tissue with distilled water, dilute alcohol, dilute py-
ridine, aqueous alkaline alcohol or saline solutions. In all of these 
methods of extraction many other hormones and inert proteins are 
extracted as well. The next problem is to separate the two gonda-
tropic hormones from each other and from other contaminating hor-
·mones and protein. 
Separation and Concentration of the Follicle-stimulating and 
Luteinizing Hormones 
Fevold, Hisaw and Leonard (1931) evaporated the solute from 
the pyridine extract to dryness and separated the FSH and LH by a 
method which depended on the greater solubility of FSH in cold 
distilled water. The LH was present in the insoluble fraction. 
After evaporating the 50 per cent pyridine extract to dryness, Fevold 
et al. (1933) and Fevold and Hisaw (1934) made a separation based 
on the selective adsorption of the LH on benzoic acid at pH 4.2 in the 
presence of acetone or 1 per cent cresol. After removal of the LH 
by centrifuging, the FSH was recovered from the supernatant solu-
tion by precipitation with acetone. Both the FSH and LH were fur-
ther purified by repeated resolution and reprecipitation. Wallen-
Lawrence (1934) eliminated the inactive material at pH 5.0 to 5.6 
and then precipitated both hormones with 70 per cent alcohol. The 
precipitate was extracted with 0.25 per cent acetic acid. The LH 
was removed by complete precipitation with NaOH. The FSH was 
recovered from the supernatant fluid by adding alcohol to a concen-
tration of 55 per cent. 
Evans et al. (1936) were the :first to introduce the salting out 
procedure for the separation of the gonadotropins. The method de-
pends on the greater solubility of FSH in certain saturations of 
(NH4) 2S04• Besides the LH and FSH they claimed the extraction of 
a third gonadotropic hormone which gave only interstitial tissue 
stimulation with no luteinizing properties. Their method of separa-
tion is as follows: After neutralizing the extract prepared from 
sheep pituitary glands to pH 8.0 to 8.5 with HCl and removing the 
insolu.ble material which was inactive, the hormones were separated 
by fractional precipitation with (NH4 ) 2SO 4 • The interstitial cell 
stimulating hormone (ICSH) was precipitated with 40 per cent sat-
. uration of (NH4 ) 2S04 at pH 7. The LH was precipitated at 60 per 
cent saturation at pH 7. Following the removal of the two precipi-
tates the FSH was removed from the supernatant by bringing the 
(NH4 ) 2SO 4 to a concentration of 80 to 90 per cent at pH 5.0 to 5.5. 
The fractions were further purified by resolution and· reprecipitation 
at the appropriate salt and hydrogen ion concentration. 
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Evans, Simpson and Pencharz (1937) claimed an improved method 
for the separation of the ICSH factor. An aqueous alkaline extract 
from sheep pituitaries was neutralized and then precipitated with 
flavianic acid. The precipitate was redissolved in water and frac-
tionated with different concentrations of (NH4 ) 280 4 • The 20 per 
cent salt fraction contained the ICSH, the 50 per cent salt fraction 
contained ICSH, LH and some FSH, while the 80 per cent salt frac-
tion contained the antagonist and FSH. Both the 20 per cent and 
50 per cent salt fractions were contaminated with growth hormone, 
the latter fraction also containing some lactogenic and thyrotropic 
hormones. Fevold (1937, 1939b) has carefully repeated this work 
of the California group a number of times but so far has been unable 
to extract a gonadotropic preparation which does not have either the 
properties of the FSH or LH preparations. He concluded that there 
was no reason to postulate the existence of two hormones to account 
for ICSH stimulation and for luteinization. On the basis of Fevold's 
observations, Jensen, Simpson, Tolksdorf and Evans (1939) suggested 
that the hormone fraction responsible for repairing interstitial tissue 
may, in fact, be identical to the LH factor. This viewpoint seems to 
be supported by Greep, Van Dyke and Chow (1940) and Shedlovsky 
et al. (1940), who use the terms LH and ICSH interchangeably. 
Jensen, Simpson, Tolksdorf and Evans (1939) precipitated the ac-
tive material extracted from sheep pituitary glands from a 40 per 
cent alcohol supernatant solution by the addition of 95 per cent 
alcohol. The precipitate was extracted with dilute acetic acid, ad-
justed to pH 5 to remove any additional inert material and frac-
tionated with (NH4 ) 2SO 4 • The 50 per cent (NH4 ) 280 4 fraction 
represented the LH (ICSH) while the FSH was found in the 80 per 
cent salt fraction. The two hormones were further purified by acid 
alcohol fractionation. 
Fevold (1937, 1939a, 1939b) concentrated the sheep pituitary ex-
tract either _by evaporating the solution to dryness at 38° C., precipi-
tating the solute with four or five volumes of cold acetone, or 
saturating the solution with (NH4 ) 2804 • If the salting out procedure 
was used in concentrating the crude extract it was necessary to re-
move the salt by dialysis before proceeding. The concentrate was 
taken up in water and the insoluble material eliminated at pH 5. 
This precipitate consisted mostly of inert material together with 
some lactogenic and adrenotropic hormones. In the method of frac-
tionation, he made use of the finding that the LH shows its minimum 
solubility at pH 4.0 to 4.2 in the presence of acetone, alcohol, or 
(NH4 ) 2SO 4 • The separation of the two fractions depends on the 
fractional precipitation with (NH4 ) 280 4 • Due to the overlapping of 
solubilities to a considerable extent, repeated precipitation and re-
solution was necessary in order to obtain one gonadotropic fraction 
which is free of the other. Fevold (1939a) reported that the best 
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results were obtained by precipitation at pH 4.2 with 21 per cent 
(NH,) 2SO", followed by resolution and reprecipitation at pH 4.2 and 
30 to 35 per cent (NH4) 2SO" concentration. The FSH which is in 
solution was precipitated by saturation with (NH~) 2SO 4, redissolved, 
reprecipitated and dialyzed. The LH preparation was claimed to be 
free of FSH, growth and lactogenic hormones, and showed little thy-
rotropic and adrenotropic activity. The FSH preparation was 
essentially free of thyrotropic, adrenotropic, lutein, lactogenic 
and growth hormones. 
Rinderknecht and Williams (1939) used the method of separation 
proposed by Evans et al. (1936), and Fevold (1937), but were unable 
to substantiate the claims for the separation of the LH and FSH 
made by the American workers. The English investigators attributed 
their own failure to separate the two hormones to the fact that they 
used horse pituitaries and to the use of a buffered solution as their 
extractive fluid. However, by a modification of the Fevold (1937) 
procedure, a relatively pure FSH was obtained. Their procedure 
was as follows: the inactive material from their crude buffer extract 
was precipitated with 50 per cent alcohol. The supernatant solu-
tion was subjected to fractional precipitation with (NH,) 2SO 4 • The 
precipitates obtained at the lower salt concentration contained both 
the FSH and LH. A fraction precipitated at pH 4.5 and 90 per cent 
(NH4 ) 2SO 4 concentration contained only the FSH. They suggested 
that the inert material present in the crude extracts seriously inter-
fered with the separation of the LH and FSH. 
Chow et al. (1939, 1942) adjusted the saline extracts of swine 
pituitary glands to pH 4.2 to 4.6 and precipitated the active material 
from the supernatant fluid by the addition of (NH,) 2SO 4 • !so electric 
precipitation at pH 5.1 to 5.5, followed by fractionation with 33 per 
cent (NH,) 2SO 4 removed much protein material. Additional 
(NH4 ) 2S04 was added to bring the supernatant solution to 90 per 
cent saturation. Before separating the two factors, Greep, Van Dyke 
and Chow (1940) brought the salt free aqueous solution of both 
hormones to half saturation with (NH,) 2SO 4 at pH 4.2 in order to 
remove additional inert material. The protein in the filtrate was 
precipitated with (NH4) 2SO 4 at 90 per cent saturation, filtered, and 
dialyzed. The LH and FSH in solution were separated by fraction-
ation by the addition of one volume of lM acetate buffer at pH 4.41 
and two volumes of 41 per cent Na2SO,. The precipitate which con-
sisted of the LH was further purified by repetition of this procedure. 
The FSH was recovered from the supernatant solution by the addi-
tion of 40 gm. of (NH4) 2S04 to each 100 cc. of filtrate. 
Electrophoretic studies carried out by Shedlovsky et al. (1940) on 
a purified LH extract prepared from swine pituitaries according to 
the method of Greep et al. (1940) indicated the presence of three 
components, one major and two minor. These studies were made in 
a Tiselius apparatus using the scanning method of Longsworth for 
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obtaining the electrophoretic pattern. Monovalent buffers at con-
stant ionic strength were used. A plot of mobility against pH showed 
that the isoelectric point of the main component was pH 7.5. This 
information made it possible to further purify the hormone by isolec-
tric precipitation. A concentrated solution of the protein was 
brought to one-third saturation with (NH4 ) 2S04 at pH 7.3 to 7.4. 
The precipitate was dissolved in water, saturated (NH4 ) 2SO 4 equal to 
one-half the volume of water was added and the pH adjusted to 7.3 
to 7.4. By repeating these steps seven times and finally removing 
the salt from the precipitate by dialysis, their best LH fraction was 
obtained. 
By a simplified procedure Chow et al. (1942) again brought their 
salt-free protein solution to 33 per cent saturation with (NH4 ) 2S04 • 
However, the precipitate was removed before the supernatant fluid 
was adjusted to pH 7.3. The precipitate containing the bulk of LH 
was dissolved in water and reprecipitated by adding saturated 
(NH4 ) 2S04 equal to one-half the volume of water at pH 7.3. Resolu-
tion and reprecipitation at pH 7.3 was .repeated seven times. The 
dialyzed, sulfate-free precipitate represents their purest LH hormone. 
Fevold, Lee, Hisaw and Cohn (1940) separated the two gonado-
tropics, the adrenotropic, growth and thyrotropic hormones from the 
dilute NH4 0H extractive fluid of sheep pituitaries. The adreno-
tropic hormone was removed by precipitating at pH 5.4 in the pres-
ence of 0.25M (NHJ 2S04• By bringing the pH to 6.5 to 7.0, the 
growth hormone was precipitated at 1.6M, the LH at 2M, the thyro-
tropic at 2.4M and the FSH at 2.8M (NH4 ) 2SO 4 concentration. Reso-
lution and reprecipitation at smaller volumes further purified the 
LH and FSH fr'actions. These results do not support the contention 
of Jensen and Tolksdorf (1939, 1940), that the LH and thyrotropic 
action of pituitary extracts are due to the same factor. 
Li, Simpson and Ev~ns (1940a) prepared a 40 per cent alcohol 
extract from sheep pituitaries according to the method of Jensen, 
Simpson, Tolksdorf and Evans (1939). The extract was precipitated 
with alcohol, dried, and re-extracted with water. It was then brought 
to pH 4.5 and precipitated with an equal volume of acetone. The 
precipitate was extracted with 1 per cent saline and the LH sepa-
rated from the FSH by 50 per cent saturation with (NH4 ) 2SO"'. 
Resolution and reprecipitation of the LH fraction between 37 and 
40 per cent (NH4 ) 2SO 4 was repeated several times. For further 
purification the 40 per cent (NH4 ) 2S04 precipitate was dissolved in 
water (1 per cent protein solution) and precipitated with dilute 
trichloracetic acid. Resolution in an alkaline medium and reprecip-
itation with trichloracetic acid was repeated. The final LH precipi-
tate was dissolved in an alkaline solution and dialyz·ed. 
Sheep pituitaries were used by Fraenkel-Conrat, Simpson and 
Evans (1940) to prepare an extract with 50 per cent acetone at pH 
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4.5, as in the me"thod of Li, Simpson and Evans (1940a). The FSH 
was purified by fractionation in which the hormone was reprec1p1-
tated several times between 50 and 67 per cent (NH4 ) 2SO 4 • The 
active material was precipitated from 33 per cent acetone at pH 4.8 
and further precipitated with 67 per cent alcohol. The final puri-
fication of the FSH consisted in removing the less active material by 
saturation with NaCl at pH 4.1. 
Preparation of the Follicle-stimulating Hormone by Trypsin 
Digestion 
Enzymatic digestion of pituitary extracts for the preparation of 
FSH has been reported by McShan and Meyer (1938). The aqueous 
extract was prepared from sheep pituitaries and digested with tryp-
sin for 3.5 hours at 37° C. and pH of approximately 6.5 They 
observed that the LH of unfractionated pituitary extracts was large-
ly destroyed by trypsin, leaving the FSH relatively unaffected. This 
finding has been confirmed by Chen and Van Dyke (1939) and by 
Greep (1939), who observed that the FSH was not destroyed at pH 
9.8. However, Abramowitz · and Hisaw (1939) reported that at pH 
7.1 both the FS.H and LH are inactivated. Chow, Greep and Van 
Dyke (1939) found that extracts prepared from fresh hog pituitary 
were inactivated after relatively long periods of digestion with crys-
talline trypsin at pH 8.69, while commercial trypsin at pH 8.69 did 
not destroy the FSH activity. 
Further improvement in the preparation of the FSH was made by 
McShan and Meyer (1939a, 1940a, 1940b). The .active material ob-
tained from sheep pituitaries was precipitated from the supernatant 
fluid by the addition of acetone. The precipitate was taken up in 
water and digested at 37° C. for 3.5 hours at pH 8 with trypsin. Ex-
tracts prepared by digesting at 37° C. for 8 hours at pH 4.2 did not 
lose their FSH activity. Any precipitate that formed was discarded. 
The trypsin from the clear supernatant solution was removed by 
heat treatment. Certain toxic materials were removed by dialyzing 
against O.lM acetate buffer at pH 4. The FSH was obtained from 
the solution in solid form by the addition of either four volumes of 
alcohol or acetone. 
Physical-chemical Properties of the Follicle-stimulating and 
Luteinizing Hormones 
Solubility.-The follicle-stimulating and luteinizing hormones have 
been differentiated by their individual solubilities in aqueous solvent, 
the FSH being more soluble but less easily precipitated than the LH 
(Fevold, 1939c). Solubility measurements were made on their so-
called "pure" LH by Shedlovsky et al. (1940) using 0.25M acetate 
buffer, pH 4.35, containing 21.05 per c~nt Na2S04• Within the 
described limits of the experiment, the solubility of the LH in the 
presence of an excess of the so.lid phase was found to be constant, 
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demonstrating the presence of one component. Additional evidence 
by Chow et al. (1942) that the isolated protein is the hormone was 
based on the constant biological activity of the separated fractions 
obtained by further solubility measurements. These results, ac-
cording to the writers, indicate its freedom from contaminating 
proteins. 
Electrophoretic studies.-Physical studies have been made by 
Shedlovsky et al. (1940), Li, Simpson and Evans (1940a, 1940b) and 
Chow et al. (1942) to confirm the homogeneity of their best LH prep-
arations. The schlieren picture obtained in the Tiselius apparatus 
using the scanning method of Longsworth showed only one boundary. 
Both laboratories, therefore, claim a homogenous protein. Shedlovsky 
et al. (1940) found the mobility of the LH obtained from swine pi-
tuitaries to be 0.66 X 10-s cm.2/volt/sec. at pH 7.86 using mono-
valent buffers, while Li, Simpson and E'vans (1940a, 1940b) found 
the mobility of LH prepared from sheep pituitaries to be -6.36 X 
10--5 cm.2/volt/sec. in phosphate buffer at pH 7.53. Chow et ·al. (1942) 
found the mobility to be 0.52 X 10-5 cm.2/volt/sec. at pH 7.85. All 
used a constant ionic strength of 0.05. 
lsoelectric point.-A plot of mobility against pH by Shedlovsky 
et al. (1940) and Chow et al. (1942) showed the isoelectric point of 
their LH prepared from swine pituitary glands to be at pH 7.45. On 
the other hand, Li, Simpson and Evans (1940) found the isoelectric 
point of the LH prepared from sheep pituitary glands to be at pH 
4.6 to 4.8. The latter investigators suggested that the variation in 
the isoelectric point was due to a difference in the species source of 
the protein hormone. Further confirmation of this theory was ad-
vanced by Chow et al. (1942), who tested highly purified LH prepared 
from sheep pituitaries and from mobility measurements found the 
isoelectric point to be about pH 4.8 to 5.0. 
Ultracentrifugation.-Shedlovsky et al. (1940) and Chow et al. 
(1942) found the LH homogenous in the air turbine driven ultra-
centrifuge. The sedimentation rate was followed by the schlieren 
method of Philpot as modified by Svensson. The average sedimen-
tation constant in an acetate buffer solution at pH 4.6 with 1 to 4 
per cent Na Cl was s20 6.8 x 10-13• 
Molecular weight.-Shedlovsky et al. (1940) estimated the mole-
cular weight of the LH from sedimentation velocities in the ultra-
centrifuge to be approximately 90,000. They assumed 0.749 for the 
specific volume of the hormone. 
Stabilitr.-According to Fevold (1937), both the FSH and LH are 
destroyed by heat. Boiling for 1 hour inactivates both the FSH and 
l.H at any pH. If the FSH is heated to 60° C. for 15 minutes in 50 
per cent alcoholic solution the activity is completely lost. McShan 
and Meyer (1940b) observed that salutions at pH 7 to 8 were stable 
at 75° C. for 30 minutes. No significant decrease in activity was 
observed by heating the dry powder in the dry chamber of the auto-
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clave under 15 pounds steam pressure for 1.5 hours. The concen-
trated solution may be stored at 2° C. for 5 months without any 
apparent loss in activity. Both are stable at pH 3 to 10. 
Protein nature.-The properties of the FSH and LH are typically 
those of proteins. Both give the xanthoproteic, biuret, Hopkins-Cole, 
and Millon's test (Fevold, 1937). McShan and Meyer (1939b) re-
ported the Molisch test for FSH much stronger than for LH prepara-
tion. Besides the protein tests previously mentioned, a positive 
ninhydrin reaction was reported by Li, Simpson and Evans (1940a) 
on their best LH. Trypsin destroys the LH, while the FSH is not in-
activated at pH 8.0 (McShan and Meyer, 1938) or at pH 9.8 (Chen 
and Van Dyke, 1939; and Greep, 1939). Abramowitz and Hisaw 
(1939) found that both the FSH and LH were destroyed by trypsin at 
pH 7.1. Only after long periods of digestion with crystalline tryp-
sin at pH 8.69 was the FSH inactivated (Chow, Greep and Van Dyke, 
1939). 
Both the FSH and LH are precipitated with tannic, phosphotung-
stic and phosphomolybdic acids (Fevold, 1937). Earlier Fevold et 
al. (1934) reported that tannic acid exerts no effect on the hormones 
other than to make them insoluble and consequently increasing the 
efficiency of utilization by decreasing the rate of absorption. Fevold 
(1937) found both are precipitated with picric, flavianic and picro-
lonic acids although the FSH not so readily as the LH. The FSH is 
inactivated by this treatment, but if the acids used in the precipita-
tion are removed by suitable chemical treatment the activity is re-
generated. Fevold (1937) also reported that both the FSH and LH 
are destroyed by any reagent which either reacts with the amino or 
carboxyl group such as formaldehyde, acetic anhydride, benzoyl 
chloride, carbon disulfide, or phenyl isocyanate. In this connection 
it is of interest to indicate the results of Fraenkel-Conrat et al. 
(1939) and McShan and Meyer (1940), who reported that the FSH is 
inactivated by addition of cysteine. Li, Simpson and Evans (1940) 
have also reported that ketene treatment destroys the activity of 
LH. This would indicate that the free amino group is essential for 
interstitial cell-stimulating activity. 
Carbohydrate content.-Evidence that the FSH activity might be 
due to or associated with a carbohydrate grouping has been ad-
vanced by McShan and Meyer (1939b). They found the carbohydrate 
content of their best FSH to be 18.7 per cent calculated as glucose, 
while Evans et al. (1939) found 13.1 per cent. Li, Simpson and 
Evans (1940) found that their best LH contained 4.5 per cent hexose 
which they thought might be mannose. The glucosamine content fore 
FSH was 8.1 per cent and for the LH 3.8 per cent (Evans et al., 
1939). Gurin (1942) studied the carbohydrate content of highly 
purified FSH and LH supplied to him by Dr. H. B. Van Dyke and 
· prepared by the method of Greep, Van Dyke and Chow (1940). He 
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found the FSH contained 4.5 per cent mannose and 4.4 per cent hexo-
samine, while the LH contained 2.8 per cent mannose and 2.2 per 
cent hexosamine. Li, Simpson and Evans (1940) reported the glu-
cosamine content of their best LH preparation to be 5.85 per cent. 
Chemical analysis.-An analysis of one sample of their "pure" 
LH preparation by Shedlovsky et al. (1940) was as follows: Carbon 
49.37 per cent; hydrogen 6.83 per cent; nitrogen 14.93 per cent; ash 
0.93 per cent. Li, Simpson and Evans (1940) found their best LH 
contained 14.2 per cent nitrogen, 4.5 per cent tyrosi,ne and 1 per 
cent tryptophane. 
THE LACTOGENIC HORMONE 
Griiter (1928) and Stricker and Gruter (1928, 1929) were the 
first to report the presence of an anterior pituitary hormone which 
directly stimulated the well developed mammary gland to milk 
secretion. Female rabbits were ovariectomized on the tenth day of 
pseudo-pregnancy and lactation was initiated following the admin-
istration of saline pituitary extracts. Their observations were con-
firmed in the rabbit by Corner (1930), Nelson and Pfiffner (1931), 
Asdell (1931) and Turner and Gardner (1931). In suitably de-
veloped mammary glands, crude extracts or purified preparations of 
lactogen have been reported to induce abundant lactation in the 
rabbit, guinea pig, dog, sow, goat, opossum, ferret, monkey and 
heifer (see review by Turner, 1939). 
Riddle and Braucher (1931) discovered that anterior pituitary ex-
tracts caused glandular enlargement of the crop gland of pigeons and 
ring doves. Riddle, Bates and Dykshorn (1933) found that the same 
anterior lobe principle which caused lactation in mammals also in-
duced proliferation of the crop gland of pigeons and doves. They 
also presented a method for the quantitative determination of lac-
togen based on the weight of the stimulated crop gland. The pro-
liferation of the pigeon crop gland by lactogen was confirmed by 
Lyons and Catchpole (1933) and McShan and Turner (1936), who 
have used it as a basis for the development of assay methods. 
Following the discovery of the lactogenic hormone by Stricker 
and Gruter, crude extracts capable of initiating lactation in suitable 
animals were made by several laboratories. During the years 1930 
and 1931, Parke, Davis and Company prepared crude alkaline extracts 
of sheep pituitaries which they furnished to Corner (1930), Nelson 
and Pfiffner (1931) and Asdell (1931). 
Extraction of the Lactogenic Hormone 
Several methods have been used for the extraction of lactogen from 
anterior pituitary tissue. In the early experiments, aqueous alkaline 
and aqueous acid extractives were used. Later, however, better re-
sults were obtained with both aqueous alkaline alcohol and aqueous 
acid acetone. 
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Turner and Gardner (1931) and Gardner and Turner (1933) ex-
tracted the lactogenic hormone from fresh sheep pituitary glands in 
an aqueous medium at pH 8.4 to 9.6 and 0° C. Riddle, Bates and 
Dykshorn (1932a, 1932b) reported that both acqueous acid and 
aqueous alkaline soluble isoelectric precipitates contained the lacto-
genic hormone. The pH of the acid medium was approximately 2.5. 
Riddle, Bates and Dykshorn (1933) prepared active extracts by 
means of aqueous acid digests at pH 1.5 to 2.5 and aqueous alkaline 
extracts at pH 8.5 to 9.0. They also used 6'0 per cent alcohol at pH 
1.5 to 2.5 and pH 10.5 to 11.0. In their observation the aqueous al-
kaline extraction around pH 9 was more complete. Later, Bates 
and Riddle (1935) preferred to use 70 per cent alcohol at pH 9 to 
10. Bergman, Houchin and Turner (1939) used 60 per cent alcohol 
at pH 9 to 10 because they wished to extract many of the other 
pituitary hormones. 
Lyons and Catchpole (1933) used 66 per cent acid acetone at pH 
2, but later Lyons (1937a, 1937b) found the extraction more effective 
by increasing the acetone concentration to approximately 85 per 
cent at pH 1.5. On the other hand, McShan and Turner (1935) . 
found glacial acetic acid to be a suitable solvent for the extraction 
of the lactogenic hormone. 
Purification and Concentration of the Lactogenic Hormone 
Turner and Gardner (1931) neutralized the alkaline aqueous ex-
tracts prepared from sheep pituitaries with acetic acid and after 
removing the precipitate by centrifuging, the active material was 
obtained 'as a reddish fluid. In an extension of their method, Gard-
ner and Turner (1933) neutralized the alkaline aqueous extract with 
HCl in a stepwise manner by removing precipitates which consisted 
of toxic a.nd inactive materials at pH 7.5 and 7.0. The precipitate 
obtained at pH 5.5 contained the greater part of the active material. 
Riddle, Bates and Dykshorn (1932a) adjusted the aqueous extract 
to the isoelectric region and dried the precipitate with acetone. 
Later, Riddle, Bates and Dykshorn (1933) brought the aqueous acid 
extract to the point of maximum precipitation (pH 6.5 to 7.0). An 
aqueous alkaline extract prepared by them was neutraliz·ed in a step-
wise manner, the first precipitate being removed at pH 8 before ad-
justing to pH 5.0 to 5.5 for complete precipitation of the lactoge;nic 
hormone. Similar extracts prepared with 60 per cent acid and al-
kaline aqueous alcohol were precipitated at the isoelectric region. 
The extracts were prepared from beef pituitaries. 
Lyons and Catchpole (1933) precipitated the active principle from 
the aqueous acid acetone extract by bringing the acetone to a con-
centration of 83 to 90 per cent at pH 2. It was further purified by 
isoelectric precipitation at pH 6 to 7. . McShan and Turner (1935) 
removed the active material by pouring the glacial acetic acid sup-
ernatant solution into 12 times its volume of ethyl ether. 
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Bates and Riddle (1935) preferred bringing the 70 per cent aqueous 
alkaline alcohol extract from bovine pituitaries to pH 5.5 to 6.0 and 
increasing the alcohol concentration to 85 per cent or greater. In 
order to remove the FSH and thyrotropic hormone the precipitate 
was dissolved in water by the addition of NaOH and then precipitated 
at pH 3 to 4 with H2S04 in the presence of 0.5 per cent Na2S04 to 
reduce the solubility of lactogen. The final purification was accom-
plished by repeatedly dissolving the aqueous isoelectric precipitate 
with NaOH, adding alcohol to a concentration of 70 per cent and ad-
justing the pH to 6. The combined pH 6 extracts were either pre-
cipitated by bringing the alcohol concentration to 86 per cent or 
greater or concentrating in vacuo at pH 8 and precipitating isoelec-
trically. 
Lyons (1937a, 1937b) used sheep pituitaries as a source of lacto-
gen. He precipitated the active extract from the aqueous acid ace-
tone supernatant by increasing the acetone concentration to 92 per 
cent. The gummy precipitate was dissolved in 50 per cent acetone 
and reprecipitated by again bringing the acetone concentration to 
92 per cent. In order to remove some inert material the precipitate 
was dissolved in dilute ammonia solution and 2 volumes of acetone 
were added. To the supernatant fluid 1 volume of acetone and lON 
HCl were added to bring the solution to pH 6.5. The lactogen in 
solution was then removed by the addition of more acid to pH 5.5. 
White, Catchpole and Long (1937) prepared their lactogenic frac-
tion by a modification of the Lyons' (1937a) method. The extract 
was further purified by dissolving in 13 per cent acetic acid and 
precipitating with 10 per cent pyridine. Resolution and reprecipita-
tion 10 times gave a crystalline protein of high but not maximum 
activity. 
White, Bonsnes and Long (1942) prepared crude lactogen from 
beef pituitary glands according to the· method of Lyons (1937a). 
The adrenotropic hormone present was removed from the crude 
product by dissolving in an aqueous alkaline solution at pH 8, fol-
'lowed by adjusting the pH to 6.7. The lactogen was removed from 
the supernatant solution by bringing the pH to 5.4. The lactogen 
was redissolved and the pH adjusted to 6 and any precipitate that 
formed was removed. The supernatant solution was then adjusted 
to pH 5.4. Resolution and reprecipitation at the appropriate hy-
drogen ion concentration was repeated 5 times and yielded a highly 
purified amorphous preparation of lactrogen. Crystalline lactogen 
was obtained by one of two ways: (a) by the acetic acid-pyridine 
method employed by White, Catchpole and Long (1937), or (b) by 
precipitation from a slightly alkaliile solution by adjusting the 
hydrogen ion concentration to the point of maximum flocculation, 
removal of the p.recipitate, followed by the precipitation of the 
lactogen from the supernatant fluid with acetone. 
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Physical-chemical Properties of the Lactogenic Hormone. 
Solubility.-Riddle and Bates (1939) reported that lactogen was 
insoluble in all fat solvents, but soluble in water except in the 
isoelectric region of pH 5 to 6. In aqueous ethanol or acetone it 
was found soluble in the isoelectric region, but quite insoluble when 
the concentration of ethanol or acetone is greater than 90 per cent. 
Li, Lyons and Evans (194la) observed that the solubility of the 
lactogenic hormone prepared from sheep pituitaries in 0.032M 
NaCl in O.OlN HCl (pH 2.02) at room temperature showed a constant 
solubility in the presence of an excess of the solid phase indicating 
the presence of one component. The salting out effect of NaCl in 
O.OlN HCl at room temperature showed that lactogen from both 
sheep and beef pituitaries behaves as pure substances, the only 
difference being in solubility, which to them indicated species differ-
ences. Lactogen prepared from · beef pituitaries showed a constant 
solubility of 0.102 gm. per liter in distilled water at 7 to 8° C. in 
the presence of an excess of the solid phase. White, Bonsnes and 
Long (1942) studied the solubility of their crystalline lactogen. 
Solubility experiments were· conducted with three different solvents,. 
0.12M NaCl in O.OlN HCl (pH 2.05), 0.33M NaCl in 0.0lN HCl 
(pH 2.0), and doubly redistilled water (pH 6.92) at 23° C. They 
concluded that the solubility is independent of the amount of 
saturating solid, from the first appearance of the solid phase. 
Electrophoretic studies.-Shipley, Stern and White (1939) applied 
the moving boundary method of electrophresis to crystalline lac-
togen prepared by White, Catchpole and Long (1937). The tech-
nique used was that developed by Tiselius and involved the optical 
observation of the protein boundaries by Toepler's schlieren method. 
Their preparation of crystalline lactogen showed a high degree of 
electro-chemical homogeneity. Li, Lyons and Evans (1939, 1940a) 
and White, Bonsnes and Long (1942) studied their highly purified 
lactogenic hormone by the schlieren picture of the Tiselius ap-
paratus, using the scanning method (Longworth, 1939). Both the 
California and the Yale groups obtained only one sharp boundary 
throughout the electrophoretic experiment. Thus their lactogenic 
hormone preparations appeared as homogenous products. 
Isoelectric point.-Shipley, Stern and White (1939) studied the 
mobility of their crystalline lactogen in the Tiselius apparatus and 
found the isoelectric point to be pH 5.6. Li, Lyons and Evans (J.939, 
1940a), by electrophoretic studies, reported an isoelectric point of 
pH 5.7 for their highly purified amorphous lactogen. In a later 
communication, Li, Lyons and Evans (1940a) compared the electro-
phoretic behavior of lactogen prepared from sheep and beef pitui-
taries and found both to have an · isoelectric point of pH 5. 73. They 
observed that the two preparations are not distinguishable in 
electrophoresis experiments. White, Bonsnes and Long (1942), 
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using the electrophoretic technique developed by Abramson (1934), 
found the isoelectric point of their crystalline lactogen to be between 
pH 5.65 and 5.70. 
Ultracentrifugation.-White, Bonsnes and Long (1942) studied 
their crystalline lactogen in an analytic~! Beams air-driven ultra-
centrifuge arranged for optical study in the visible region by the 
Toepler schlieren method. The average sedimentation constant S20 
of several runs was approximately 2.8 x 10-13 cm. sec-1dynes-1 • 
Molecular weight.-Li, Lyons and Evans (194lc) determined the 
molecular weight of their pure lactogen by osmotic pressure meas-
urements and obtained a value of 26,500. Calculated from the 
amino acid content of cystine, arginine, tyrosine, tryptophane and 
sulfur, the molecular weight was found to be approximately 25,000. 
White, Bonsnes and Long (1942) reported a value of 32,000 by 
sedimentation velocities in the ultracentrifuge. 
Stability.-Riddle et al. (1932a) reported that their active material 
was relatively stable to heat. Gardner and Turner (1933) observed 
that extracts containing the lactogenic hormone were rapidly in-
activated by heating in a slightly alkaline solution. Bates and 
Riddle (1935) reported that at pH 8 lactogen can be heated to 
boiling for 1 hour, or to 60° C. for 5 hours, without great loss of 
potency, provided salts are not present. However, under similar 
conditions of heating, complete destruction takes place in solution, 
acid to pH 1.5 or alkaline to pH 9. McShan and French (1937) ob-
served that their lactogen preparations remained active when heated 
at 37° C. and pH 7.4, and at 100° C. for 1 hour at pH 7.8, while inac-
tivation occurred when they were heated for 1 hour at pH 3.2 and 
9.7. White, Bonsnes and Long (1942) reported that their crystalline 
lactogen is quite stable to heat in 0.04 per cent solution when 
heated in, a boiling water bath for 15 minutes in a range of pH 1 
to 9. Heating for 30 minutes produced destruction of lactogen at 
all these pH values. Boiling for 18 hours with 20 per cent HCI 
destroyed all biological activity. These results would indicate that 
lactogen is heat-labile, especially at hydrogen ion concentrations 
close to the isoelectric point. 
Protein nature.-The properties of lactogen indicate that it too 
is a typical protein. Positive xanthoproteic, biuret, Hopkins-Cole 
and Millon's tests were obtained by McShan and French (1937), 
White, Catchpole and Long (1937), and White, Bonsnes and Long 
(1942), although Evans (1937) reported that his purified lactogen 
did not give the Million test. Bates, Riddle and Lahr (1934) found 
that lactogen rapidly lost its potency when treated with trypsin, 
while McShan and French (1937) and White, Bonsnes and Long 
(1942) observed that lactogen was completely inactivated by both 
pepsin and trypsin. The loss of potency by treatment with pepsin 
and trypsin indicates that lactogen is of protein nature. 
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Bates and Riddle (1938) reported that lactogen is precipitated by the hydroxides of zinc, copper, aluminum and iron. They also re-ported that lactogen is precipitated by the basic salts of heavy 
metals at pH 7. On the acid side of the isoelectric point, lactogen 
may be precipitated with tannic acid, phosphotungstic acid, picric 
acid, flavianic acid and trichloracetic acid (Riddle and Bates, 1939). 
· The lactogenic hormone can be completely inactivated by acetyla-
tion with ketene (Li, Simpson and Evans, 1939) and nitrous acid (Li, Lyons, Simpson and Evans, 1939), but only partially inacti-
vated· by phenyl isocyanate (Bottomley and Folly, 1940) and iodine (Li, Lyons, Simpson and E'vans, 1940; Li, Lyons and E vans, 1941b) . This indicates that the free amino groups are essential for biological 
activity. In addition, the California group is of the opinion that 
since the action of iodine is only on the tyrosine molecule it also is essential for biological activity. 
Fraenkel-Conrat, Simpson and E vans (1942) studied the action 
of cysteine and thioglycolic acid on the lactogenic hormone. A 200-fold amount of cysteine caused inactivation. They further ob-
served that thioglycolic acid is 50 times more effective than cysteine in causing inactivation. Fraenkel-Conrat (1942) is of the opinion that thio compounds reduce the disulfide bonds to cysteine thio groups. 
Tyrosine, tryptophane and cystine content.-Positive qualitative 
tests for tyrosine have been reported by McShan and French (1937), White, Catchpole and Long (1937) and by Riddle and Bates (1939). Li, Lyons and Evans (1940c, 194lc) found the average value for tyrosine to be 5.7 per cent and for tryptophane 2.5 per cent. White, Bonsnes and Long (1942) found the following values for beef lactpgen: tyrosine 5.51 per cent, tryptophane 1.30 per cent and 
cystine 3.36 per cent. A value of 3.0 per cent for cystine was 
reported by Fraenkel-Conrat (1942). 
Chemical analysis.-White, Catchpole and Long (1937) obtained 
the following elemental composition for their lactogen: carbon 51.11 per cent, hydrogen 6.76 per cent, nitrogen 14.38 per cent, sulfur 1.77 per cent, ash, negligible. Later, White, Bonsnes and Long (1942) 
reported the following for crystalline lactogen: carbon 51.81 per 
cent, hydrogen 6.81 per cent, nitrogen 16.49 per cent, sulfur 2.03 per cent, ash 0.50 per cent. Li, Lyons and Evans (194lc) found the sulfur content for amorphous lactogen to be 1.79 per cent. 
THE THYROTROPIC HORMONE 
Smith (1930) demonstrated that hypophysectomy in the rat would produce thyroid atrophy, while the injection of pituitary extracts 
caused hypertrophy of the glands. Earlier, Loeb and Bassett (1929) 
and Aron (1929) showed that inject ion of anterior pituitary ex-tracts caused hyperplasia of the thyroid of the guinea pig. Foster 
and Smith (1926) found that in the hypophysectomized rat the 
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basal metabolism was 35 per cent below that of the average normal. 
Schwartzbach and Uhlenhuth (1928) reported that salamander 
larvae injected with anterior pituitary extracts consumed 40 per 
c·ent more oxygen than normal larvae. These· and numerous other 
papers in recent years have demonstrated a definite relation between 
the pituitary and the thyroid (see reviews by Van Dyke, 1936, 1939) . 
Extraction of the Thyrotropic Hormone 
The extraction of the thyrotropic hormone of the anterior pituitary 
involves the use of either acid, alkaline or neut ral aqueous media. 
Saline and 60 per cent aqueous alkaline alcohol also have been used 
successfully. 
Loeb and Bassett (1930) found that either 0.5 per cent acetic acid 
or 0.1 per cent NaOH solution would extract the thyrotropic hormone 
from anterior pituitary tissue. Janssen and Loeser (1931) used 
saline, while Bonsnes and White (1940) found that a 2 per cent 
NaCl solution would extract the thyrotropic as well as some of the 
other anterior pituitary hormones. Junkmann and Schoeller (1932) 
reported that 0.25 per cent acetic acid was an effective extracting 
agent. The acetic acid concentration was raised to 0.5 per cent by 
Lambie and Trikojus (1937), who observed that the later purifica-
tion of the thyrotropic hormone is facilitated by slightly acidic 
conditions. A 0.25 per cent acetic acid-1 per cent NaCl solution 
was used by Fraenkel-Conrat et al. (1940). 
Loeser (1932) found that 1.25 per cent NH,OH was an effective 
extracting agent, while Fevold et al. (1940) used dilute NH40H at 
pH 8 to extract the thyrotropic along with several other anterior 
pituitary hormones. Collip (1934) and Anderson and Collip (1934) 
observed that 0.25 per cent NaOH would extract both the thyro-
tropic and growth hormones. Mueller (1934) believed the optimum 
condition for extracting the thyrotropic hormone was at pH 12.7. 
Rowland and Parks (1934) made active preparations by extracting 
pituitary tissue with N/ 20 NaOH, although Jorgensen and Wade 
(1941) found 0.02N Ba(OH) . effective. Greep (1935) found that 
50 per cent aqueous pyridine -as used by Fevold and Hisaw (1934) 
for extraction of the gonadotropic hormone also would ext ract the 
thyrotropic hormone. Bergman, Houchin and Turner (1939) found 
that 60 per cent aqueous alcohol at· pH 9 to 10 would extract the 
thyrotropic hormone as well as several of the other anterior pituitary 
hormones. 
Purification and Concentration of the Thyrotropic Hormone 
Loeb and Bassett (1930) neutra lized the supernatant fluid pre-
pared from beef pituitaries to pH 7.8. The solution was filtered, 
and the filtrate passed through a Seitz bacterial filter to render it 
sterile. Janssen and Loeser (1931) removed the inactive protein 
from their extract with 20 per cent sulfosalicylic acid. The filtrate 
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was neutralized (to phenyl red), filtered, and the filtrate used for 
injection purposes. Junkmann and Schoeller (1932) obtained the 
thyrotropic hormone from cattle pituitaries. The active principle 
from their acetic acid extractive was precipitated with picric acid. 
The precipitate was taken up in ammonia water and reprecipitated 
y.'ith acetone. Resolution in dilute acid solution and precipitation 
with NaOH was repeated several times. The active material was 
recovered from the combined supernatant solutions by precipitating 
with picric acid. Loeser (1932) removed the inactive proteins from 
his aqueous ammonia extr active with trichloracet ic acid. The active 
principle was precipitated from the trichloracetic acid filtrate by 
the addition of acetone. Further purification was carried out by 
extract ing the precipitate with methyl a lcohol, then dissolving the 
active residue in water, followed by precipitation with acetone. 
Working with evaporated extracts obtained after the growth 
hormone had been removed, Collip · (1934) and Anderson and Collip 
. (1934) employed fractional precipitation with (NH4 ) 2 SO 4, alcohol 
and acetone. Repeated precipitation from 60 per cent alcohol or 50 
per cent acetone removed other contaminating hormones and inert 
material. The original extract was obtained from beef pituitaries. 
Rowland and Parks (1934) precipitated the alkaline extractive 
made from cattle pituitaries with alcohol and ether. Further puri-
fication was carried out by extracting the alcohol precipitate with 
50 per cent pyridine. The active material was recovered from the 
pyridine supernatant solution by again precipitating with alcohol 
and ether. Greep (1935) adjusted the crude pyridine extract t o pH 
4.2. The supernatant fluid contained both the thyrotropic and 
follicle-stimulatiIJ.g hormones. The thyrotropic hormone was re-
moved from the supernatant solution by precipitating with benzoic 
acid. 
Ox pituitaries were used by Lambie and Trikojus (1937) to pre-
pare an extract with acetic acid. Salicylsulphonic acid was added 
to the suspension to remove the inert protein material. The active 
principle in · solution was recovered by precipitating with tungstic 
acid. The precipitate was dissolved in an aqueous alkaline solution, 
the tungstic acid removed with BaC12 and the active principle re-
covered from the solution by the addition of alcoholic benzoic acid. 
For further purification the precipitate was dissolved in weak 
ammonia solution and the active principle precipitated by the addi-
tion of 10 volumes of acetone followed by alcoholic benzoic acid. 
Fraenkel-Conrat et al. (1940) used beef pituitaries as a source 
of the thyrotropic hormone. They precipitated the active mat erial 
from the supernatant s.olution by the addition of an equal volume 
of acetone. The precipitate was re-extracted with 1 per cent N aCI. 
Repeated fractional precipitation of the supernatant fluid with 
(NH4 ) 2 SO 4, dialysis of the active precipitate against 1 per cent 
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NaCl, followed by acetone fractionation leads to the final purifica-
tion of the hormone. 
Jorgensen and Wade (1941) removed the active principle from 
the Ba (OH) 2 extractive by the addition of permutit at pH 4.5. 
Elution of the hormones was accomplished by the addition of Na.OH 
to pH 13. Further concentration was effected by precipitating the 
hormone in alkaline solution with uranium acetate at pH 8.5. They 
found beef pituitaries to be a better source of the thyrotropic hor-
mone than sheep pituitaries. 
Jensen and Tolksdorf (1940) reported that the thyrotropic and 
interstitial cell stimulating hormones were either identical or closely 
related in their chemical aspects. In the course of further chemical 
fractionation, Jensen and Tolksdorf (1941) found that the two prin-
ciples may be separated. The interstitial cell stimulating hormone 
·was largely freed from thyrotropic activity by repeated precipita-
tion between 25 and 35 per cent saturation of (NH4 ) 2 SO 4 , while the 
thyrotropic hormone was precipitated by increasing the (NH4 ) 2SO 4 
to between 35 and 50 per cent saturation. 
Beef pituitaries were used by White and Ciereszko (1941). The 
thyrotropic principle was removed from the saline extract by pre-
cipating with 75 per cent acetone after previous removal of frac-
tions at pH 5.5, 4.9, 4.0. A fourth fraction was removed at pH 4.0 
with the addition of acetone to a concentration of 50 per cent. 
Further concentration was achieved by extraction of the dried pre-
cipitate with water and treatment of the water solution with lead 
acetate. Final concentration was obtained by fractionation with 
acetone and trichloracetic acid. 
Chemical Properties of the Thyrotropic Hormone 
Solubility.-The thyrotropic hormone is soluble in water (Junk-
mann and Schoeller, 1932; Rowland and Parks, 1934; Fraenkel-
Conrat et al., 1940), easily soluble in dilute acid or alkaline solution 
(Fraenkel-Conrat et al., 1940), but insoluble in acetone, ethyl 
acetate, chloroform and ether (Junkmann and Schoeller, 1932). 
Stability.-In aqueous solution, Junkmann and Schoeller (1932) 
found the thyrotropic hormone to be partially destroyed by heating 
at 60° C., although Krichesky (1934) and Greep (1935) observed no 
loss of potency. Complete destruction by boiling in an aqueous 
solution was reported by Junkmann and Schoeller (1932), Pugsley 
et al. (1934), Anderson and Collip (1934), Rowland and Parks (1934), 
Greep (1935) and by Lambie and Trikojus (1937). Co!lip (1937, 
1938) studied the effect of varying pH and temperature upon the 
thyrotropic hormone. He found by heating the extract in a flask 
submerged in a boiling water bath at varying time intervals that 
the greatest stability was demonstrated between the pH range 3 to 
5. Some activity was lost in all instances. 
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In the dry form at ordinary temperature the thyrotropic hormone 
is stable for a considerable period of time (Junkmarin and Schoeller, 
1932; Heyl, 1934). Rowland and Parks (1934) observed no loss 
of activity by heating the dry powder to 100° C. in vacuo. 
Protein nature.-Spaul (1930) found the thyrotropic hormone was 
destroyed by pepsin and trypsin. It may be precipitated from solu-
tion with picric acid, picrolonic acid, and flavianic acid (Junkmann 
and Schoeller, 1932) and trichloracetic acid (Loeser, 1932). Fraen-
kel-Conrat et al. (1940) observed that cysteine treatment under 
conditions favorable for the reduction of the -S-S-bond inactivated 
the hormone. They also found that ketene t reatment for 5 minutes 
at. 22° C. in acetate buffer at pH 5:6 caused considerable loss of 
activity. The nitrogen content was 13 per cent . 
Carbohydrate content.-Fraenkel-Conrat et al. (1940) found the 
thyrotropic hormone as prepared by them to contain 3.5 per cent 
carbohydrate and 2.5 per cent glucosamine. 
THE ADRENOTROPIC HORMONE 
Smith (1930) reported that hypophysectomy in the rat was fol-
lowed by marked atrophy of the adrenal cortex. He reported fur ther 
that this degenerative change could be prevented or the normal 
condition restored by intramuscular implantations of fresh rat pitui-
taries. These observations were confirmed by Collip, Anderson and 
Thomson (1933) and by Evans, Meyer and Simpson (1933) who 
showed that restoration of the atrophic adrenals, following hypo-
physectomy, could be accomplished by the injection of anterior 
pituitary extracts. Stimulation of the adrenal glands in normal 
animals by the injection of anterior pituitary extracts was reported 
by Anselmino et al. (1934) . The literature indicating the relation 
between the pituitary and the adrenal glands may be found in the 
monographs by Van Dyke (1936, 1939) and the review by Spann 
(1940). 
Extraction of the Adrenotropic Hormone 
In the early experiments dilute alkali or acid or distilled water was 
generally used for the extraction of the adrenot ropic hormone. . In 
recent years both aqueous acid acetone and aqueous alkaline alcohol 
also have been used successfully. 
Collip et al. (1933a, 1933b) reported that 0.5 to 1 per cent NaOH 
was a satisfactory solvent for the extraction of the adrenotropic 
hormone. Anselmino, Hoffmann and Herold (1934) found distilled 
water at room temperature an effective extractive. Perla (1936) 
and Gomez and Tur ner (1937) preferred to use 0.5 per cent acetic 
acid, although Collip (1940) reduced the acetic acid concentration 
to 0.25 per cent. While Lyons (1937a, 1937b) used 85 per cent acid 
acetone at pH 1.5 to extract the lactogenic hormone, he also found 
that fair amounts of t:qe adrenotropic hormone were extracted at 
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the same time. Recently Bates, Riddle and Miller (1940) suggested 
the use of 65 per cent ethanol at pH 9.5. 
Purification and Concentration of the Adrenotropic Hormone 
Collip, Anderson and Thomson (1933) obtained the adrenotropic 
hormone from ox pituitaries as a fine flocculence which separated 
out on concentrating a 75 per cent acetone soluble fraction at pH 
5 to 6. This fine precipitate was obtained as a by-product in the 
filtrate of the original aqueous extract after the Ca3 (PO 4 ) 2 adsorp-
tion treatment to remove the growth hormone. Anselmino et al. 
(1934) added acetate buffer at pH 5.3 to the clear supernatant solu-
tion and removed the inert protein by ultrafiltration. The ultra-
filtrate was neutralized and heated from 3 to 5 minutes at 100° C. in 
order to destroy the pancreatropic hormone. 
Perla (1936) removed the inert material in a stepwise manner, 
the first precipitate being removed at pH 6.6 and a second at pH 7.8. 
The filtrate was passed through a Seitz filter. The final product 
was obtained by heating the filtrate to boiling for 20 minutes in 
order to destroy the other pituitary hormones present in the solution. 
Gomez and Turner (1937) adjusted the acid supernatant fluid to 
pH 7.2 to 7.8 and then boiled the solution 20 to 30 minutes. The 
precipitate which formed by heating was discarded. The alkaline 
solution was adjusted to pH 6.6 and the hormone recovered by the 
addition of acetone. Their extract was obtained from sheep pitui-
taries. 
Using sheep pituitaries as a source of the lactogenic and adreno-
tropic hormones, Lyons (1937a, 1937b) precipitated the active prin-
ciples from the aqueous acid acetone supernatant by increasing the 
acetone concentration to approximately 92 per cent. The gummy 
precipitate was dissolved in 50 per cent acetone and reprecipitated 
by again bringing the acetone concentration tq 92 per cent. This 
precipitate was dissolved in dilute ammonia solution and 2 volumes 
of acetone were added. Following the removal of the insoluble ma-
terial, 1 volume of acetone was added and the active principle re-
covered by adjusting the solution to pH 6.5. 
Bates, Riddle and Miller (1940) brought the material extracted 
from beef pituitaries to pH 6 and removed the insoluble material 
by centrifugation. The soluble material which consisted mostly of 
the lactogenic and adrenotropic hormones, was precipitated by the 
addition of alcohol. The bulk of the adrenotropic hormone was 
separated from the lactogenic hormone by extracting the precipitate 
with water at pH 3.5 in the presence of Na2S04 • The pH 3.5 soluble 
fraction was dialyzed at pH 4 to 6 to remove the contaminating salt 
and to effect a further division of the pH 3.5 extract into a soluble 
and insoluble fraction. · 
Collip (1940) heated the acetic acid supernatant solution for 15 
minutes at 75° C., then cooled . and filtered it. The filtrate was con-
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.centrated in vacuo at low temperature and further acidified to 0.25 
per cent concentration with HCL The acidified mixture was heated 
on a boiling water bath for 12 hours. The hormone was made 
available for injection by adjusting the solution to pH 4.4. 
Chemical Properties of the Adrenotropic Hormone 
Solubility.-Anselmino, Hoffmann and Herold (1934) found the 
adrenotropic hormone soluble in water, but insoluble in 70 per cent 
alcohol. Opposed to this is the report by Collip et al. (1933) and 
Bates et al. (1940), who have found the hormone soluble in 70 per 
cent alcohol. The method of extraction used by Perla (1935), Gomez 
and Turner (1937), Collip (1940) and Lyons (1937a, 1937b) indi-
cates that the hormone is soluble in dilute acid as well as aqueous 
acid acetone. 
Stability.-Compared to other pituitary hormones the adreno-
tropic hormone, no doubt, is the most stable. It will withstand boil-
ing at pH 7.8 without any appreciable loss of activity (Perla, 1936; 
Gomez and Turner, 1937). Collip (1937, 1938) found the adreno-
tropic hormone the most resistant to boiling of all the anterior lobe 
principles. He found the adrenotropic substance very stable on 
heating in aqueous solution over a wide pH range. In the purifica-
tion procedure used by Collip (1940) the acidified hormone (0.25 
per cent HCl) was boiled for 12 hours on a water bath. The degree 
of inactivation of the adrenotropic hormone was not reported. 
Tryptophane content.-Bates, Riddle and Miller (1940) found the 
adrenotropic extract as prepared by them to contain 1.94 per cent 
tryptophane. 
Carbohydrate content.-Evans et al. (1939) found the carbohydrate 
cotent of the adrenotropic hormone to be 0.41 per cent. They also 
reported that no glucosamine was present. This is in contrast to 
Bates, Riddle and Miller (1940), who found the glucosamine of their 
best adrenotropic preparation to be 1.9 per cent. 
THE GROWTH HORMONE 
Evans and Long (1921) were the first to demonstrate the pres-
ence of a factor in the pituitary which promotes growth. They 
produced gigantism in rats by daily intraperitoneal injection of 
saline extracts of bovine anterior pituitaries. This was confirmed 
by Putnam, Teel and Benedict (1928), who observed accelerated 
growth of rats by the injection of anterior pituitary ext racts. Smith 
(1927) showed that if the pituitary of the rat is removed, a cessa-
tion in growth of the young animal or a loss in weight in the mature 
animal occurs. He also observed atrophy of the thyroid, adrenal 
cortex and sex organs. 
Inasmuch as growth is .a rather complex mechanism, two schools 
of thc)Ught have arisen as to the factors responsible for the growth-
stimulating effect. It is well known that many end organs in the 
body which depend upon the pituitary for normal functioning may 
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influence the body weight of the animal. Riddle and his co-workers 
hold the view that the stimulation of the end organs by the pituitary 
is essential for growth or that growth is dependent upon synergism 
of these factors. Opposed to this view are Evans and his co-workers 
who hold to the theory that the growth hormone is a single entity 
since they claim to have been able to free their growth extracts 
of many of the other pituitary hormones that stimulate the end or-
gans. This subject has recently been reviewed by Smith (1940) 
and Evans (1940). 
Extraction of the Growth Hormone 
Alkaline solutions of different hydrogen ion concentration have 
been used principally for the extraction of the growth promoting 
hormone. The alkali consisted of either NaOH or Ba(OH) 21 al-
though recently the use of Ca (OH) 2 has been reported. Saline 
has been used in only one instance. 
Evans and Long (1921) used saline for the extraction of the 
growth hormone. Evans (1923) and Evans and Simpson (1925, 1928) 
prepared dilute NaOH extracts, but the hydrogen ion concentration 
of their extractive was not specified. Later Evans et al. (1929, 1933, 
1938) substituted Ba(OH) 2 extraction for NaOH extraction, the 
alkalinity during the extraction process being approximately pH 
10.8 to 11.0. Putnam, Teel and Benedict (1928) and Teel (1929) 
found dilute sodium benzoate-1 per cent NaOH solution effective. In 
recent years a number of investigators have again resorted to the 
use of dilute NaOH extractive. The concentrations of the alkali 
were as follows: Van Dyke and Wallen-Lawrence (1930) 1 per cent 
NaOH; Bugbee, Simmond and Grimes (1931) 0.05N NaOH; Collip, 
Selye and Thompson (1933) 0.5 to 1 per cent NaOH; and Collip (1934) 
0.25 per cent NaOH. Both Wadehn (1932) and Dingemanse and 
Freud (1935) extracted the growth hormone in an alkaline medium, 
but the concentration of their solutions was not stated. In their 
latest report, Fraenkel-Conrat, Meamber, Simpson and Evans (1940) 
found Ca(OH) 2 at pH 11.5 to 11.7 to be more effective than the 
other alkaline extraction methods. 
Purification and Concentration of the Growth Hormone 
Evans and Long (1921) used saline extraction without any addi-
tional purific~tion. Evans (1923) and Evans and Simpson (1925, 
1928) adjusted the alkaline solution to pH 6.6 to 6.8 with dilute 
acetic acid. The contaminating proteins were removed by centri-
fugation and the resultant supernatant solution used :for injection 
purposes. 
Putnam, Teel and Benedict (1928) filtered the sodium benzoate-
NaOH solution and then adjusted the pH to 7.8. The precipitate 
formed was removed and the solution containing the active prin-
ciple put through a Berkefield filter. In a modification of this pro-
cedure, Teel (1929) warmed the neutralized alkaline extract to 35° C. 
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and fractionated with Na2S04 • The growth promoting hormone was 
found in the globulin faction. Evans, Cornish and Simpson (1929) 
neutralized the Ba(OH) 2 filtrate to pH 8. The excess barium was 
removed by the addition of Na2S04 • The insoluble material was 
removed and the supernatant solution filtered through a sterile 
Seitz bacterial filter. It was then ready for injection purposes. 
Van Dyke and Wallen-Lawrence (1930) adjusted the supernatant 
solution to pH 7.2. The precipitate that formed was removed. The 
cloudy supernatant fluid was warmed to 35° C. and the active ma-
terial precipitated by the addition of 20 gm. of Na2S04 for each 100 . 
cc. of fluid. After removal of the salt by dialysis any precipitate 
which formed was removed and the active material was obtained 
by adjusting the alkaline solution to pH 4.75. 
Bugbee, Simmond and Grimes (1931) brought the alkaline ex-
tract to pH 7.2 to 7.6 with acetic acid. The cloudy supernatant liquid 
was heated to 37° C. and fractionated with Na2S04 •• Wadehn (1932) 
precipitated the growth hormone from an alkaline solution at pH 4.2. 
An active extract was then made by extracting the precipitate with 
1 per cent NaHC0 3 solution. 
Collip, Selye and Thompson (1933) acidified the alkaline extractive 
to pH 6.5. The filtrate was treated with Ca3 (PO 4 ) 2 in the presence 
of 1 per cent ammonia and concentrated at low pressure. The 
mixture was extracted with 0.5 per cent NaOH solution and acidified 
at pH 6.5. It was then made alkaline with ammonia and again con-
centrated at low pressure and temperature. The semicrystalline 
mass which separates out at pH 7.5 to 8.0 was removed, dissolved 
in dilute NaOH and finally precipitated at the isoelectric point. 
By a modification of their earlier procedure, Collip (1934) brought 
the alkaline mixture to pH 5.5. The precipitate was re-extracted 
with 0.1 per cent NaOH solution and again precipitated at the iso-
electric point. The filtrate was concentrated to approximately 1/50 
of its volume and the precipitate which formed was removed. Reso-
lution and reprecipitation of the active material at the isoelectric 
point gave the final product. Dingemanse and Freud (1935) ab-
sorbed the growth hormone on activated carbon and eluted with 
phenol. This was followed by precipitation with alcohol-ether 1 :2. 
Evans et al. (1938) adjusted the Ba(OH) 2 extractive to pH 9.0 
to 9.5 and then added Na2S04 to remove the excess barium. The 
alkaline filtrate was fractionated with (NH4) 2SO 4 with the greater 
portion of the growth hormone being found in the 45 per cent 
(NH4 ) 2SO 4 precipitate. This fraction was dissolved in water and 
repeatedly fractionated with 10 per cent and 40 per cent (NH4) 2SO 4 • 
The final 40 per cent (NH4 ) 2SO 4 precipitate was retained and further 
purified to remove the gonadotropic, lactogenic and thyrotropic 
hormones. 
In their recent report, Fraenkel-Conrat, Meamber, Simpson and 
Evans (1940) brought the alkaline extract to pH 8.0 to 8.5. The 
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supernatant solution was fractionated with (NH4 ) 2S04 , retaining the 
globulin fraction. Removal of the salt by dialysis resulted in the 
formation of a precipitate which contained most of the growth 
hormone. Meamb.er, Fraenkel-Conrat, Simpson and Ev.ans (1939) 
observed that a dilute solution of the growth hormone treated with 
double the amount of cysteine at pH 8.0 resulted in the precipita-
tion of one-half of the total protein, whereas the supernatant solu-
tion contained most of the growth hormone. Further purification 
of the cysteine treated growth hormone by isoelectric precipitation 
at pH 6.2 to 7.1 was carried out by Fraenkel-Conrat, Meamber, 
Simpson and Evans (1940). 
In the review of literature on the purification and concentration of 
the growth hormon~ in which the source of the hormone was re-
ported, beef pituitaries were used. 
Chemical Properties of the Growth Hormone 
Solubility.-From the preceding discussion it is evident that the 
growth hormone is soluble in dilute aqueous alkaline solution. 
Fraenkel-Conrat et al. (1940) found that it is very insoluble in alka-
line buffer solution below pH 9.0, but qu-ite soluble in unbuffered 
solutions on either side of the isoelectric point pH 6.0 to 7.6. Evans · 
(1942) reported that the hormone will dissolve in 96 per cent acetic 
acid, 90 per cent phenol and 50 per cent urea solution. 
Stability.-Bugbee, Simmond and Grimes (1931) found the growth 
hormone is stable for several days in a weak alkaline solution, but is 
destroyed rather quickly in an acid solution. Wadehn (1932) ob-
served that heating to 60° C. partially destroys the growth hormone. 
Boiling the hormone completely destroys the activity (Wadehn, 
1932; Evans, 1942) . In a 40 per cent urea solution the hormone is 
completely inactivated by cysteine. 
Protein nature.-The growth hormone can be precipitated from 
solution by phosphotungstic acid, fl.avianic acid and by trichloracetic 
acid (Evans and Simpson, 1928). Fraenkel-Conrat et al. (1940) 
found the growth hormone as prepared by them to contain 15.7 to 
16.3 per cent N. 
Carbohydrate content.-The growth hormone prepared by 
Fraenkel-Conrad et al. (1940) contained 0.25 per cent carbohydrate 
and 0.9 per cent glucosamine. 
THE ANTERIOR PITUITARY AND FAT METABOLISM 
Burn and Ling (1930, 1933) were the first to show that alkaline 
injections . of the anterior pituitary produced ketosis in rats that 
were fasted or on high fat diet. Anselmino and Hoffmann (1931) 
reported an increase in blood acetone bodies in the rat, dog and 
man. Ketonemia has also been observed by Best and Campbell 
(1936), Gray (1938), Shipley and Long (1938) and by Greaves, 
Freiberg and Johns (1940). Ketonuria in the fasted and fed animal 
has been observed by Rietti (1934), Best and Campbell (1938), 
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Neufeld and Collip (1939) and Greaves, Freiburg and Johns (1940). 
Best and Campbell (1936, 1938) also found that certain extracts 
of the anterior pituitary produced a great increase in liver fat of 
fasting animals. McKay and Barnes (1937) and Neufeld and Collip 
(1939) observed that ketosis is accompanied by a transfer of fat 
from the depots to the liver where large quantities may accumulate. 
Campbell and Keenan (1940) reported that the liver fat activity is 
not necessarily associated with lactogen, ketogenic or melanophore-
expanding activity. For a review of this subject see Thomson (1940). 
An increase in blood lipids following the injection of anterior 
pituitary extracts was reported by Evans (1933) and Munoz (1938). 
On the other hand, Strauber (1937) and Houchin and Turner (1939a, 
1939b) noted a decrease in blood lipids in the rabbit and guinea pig. 
Extraction of the Anterior Pituitary Factors Affecting Fat 
Metabolism 
Distilled water, dilute acid and alkaline solutions have been used 
primarily for the extractions of the fat metabolism factors of the 
anterior pituitary. 
Anselmino and Hoffmann (1931, 1936) found distilled water effec-
tive for the extraction of the active principle. Burn and Ling (1930) 
used O.lN NaOH, Best and Campbell (1936) 0.2N NaOH, while 
Greaves, Freiberg and Johns (1940) reported 0.2N Ba(OH) 2 at pH 
11 a suitable extracting agent. Neufeld and Collip (1939) and 
Campbell and Keenan (1940) preferred O.lN HCI. The former ex-
tracted the beef anterior lobes at 93° C. for 30 minutes. 
Purification and Concentration of the Anterior Pituitary Factors 
Affecting Fat Metabolism 
Burn and Ling (1930) neutralized the alkaline solution and used 
the clear supernatant fluid for injection purposes. 13y removing 
the insoluble residue from the aqueous solution, Anselmino and 
Hoffmann (1931) made the extract suitable for use. In an extension 
of their method, Anselmino and Hoffmann (1936) precipitated the 
clear solution with alcohol. The precipitate was re-extracted and 
subjected to ultracentrifugation at pH 7 to 10. Additional purifica-
tion was obtained by absorbing the impurities on charcoal. 
Best and Campbell (1936) adjusted the alkaline extract to pH 5.2. 
The active principle was obtained as a precipitate by the addition 
of 2 volumes of alcohol. In a continuation of this procedure, Camp-
bell and Keenan (1940) added 4 volumes of alcohol and 1 volume 
of ether to the 50 per cent alcohol filtrate. The precipitate repre-
sented the active material. • 
Shipley and Long (1938) prepared an alkaline extract according 
to the method of Burn and Ling (1933). The extract was adjusted 
to pH 3.5 and acetone to a concentration of 80 per cent was added. 
The precipitate which formed was removed and the acetone con-
centration in the filtrate increased to 90 per cent. The precipitate 
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was dissolved in water and fractions were removed at pH 6.8 and 
5.5. Both fractions possessed ketogenic activity, the former possess-
ing considerable growth activity, while the latter had strong lacto-
genic activity (Shipley, 1938). 
Neufeld and Collip (1939) adjusted the acid soluble fraction to pH 
5.5. The precipitate obtained contained the active ketogenic factor. 
A second active fraction was obtained by extracting the original 
insoluble residue with .O.lN NaOH and collecting the precipitate 
after bringing to pH 5.5. 
Greaves, Freiberg and Johns (1940) obtained a large part of the 
ketogenic factor by repeated sa.lting out with 20 to 45 per cent 
(NH4 ) 2SO 4• The salt was removed by dialysis and final purifica-
tion was attained by isoelectric precipitation between pH 6.7 and 
5.75. 
Chemical Properties of the Anterior Pituitary Factors Affecting 
Fat Metabolism 
Solubility.-From the preceding sections it is evident that the 
various factors of the anterior pituitary concerned with fat meta-
bolism are soluble in dilute acid and alkali. However, Anselmino 
and Hoffmann (1931, 1936) have found the ketogenic principle solu-
ble in distilled water. 
Stability.-Anselmino and Hoffmann (1931) reported that heating 
for 15 minutes at 60° C. destroys the ketogenic activity. Shipley 
and Long (1938) also observed that heating for 10 minutes at pH 
10 destroys the ketogenic activity. On the other hand, Neufeld 
and Collip (1938, 1939) found the ketogenic substance stable over a 
wide pH range. Campbell and Keenan (1940) noted the activity 
most stable at pH 8, while Greaves et al. (1940) found the greatest 
stability at pH range 9.5 to 11.0. The liver fat activity is most stable 
at pH 3.5 (Campbell and Keenan, 1940). 
Protein nature.-Campbell and Keenan (1940) found that live!' 
fat activity is destroyed by pepsin and trypsin. Treatment with 
excess cysteine at pH 8.0 does not destroy the ketogenic activity 
(Greaves et al., 1940). 
THE ANTERIOR PITUITARY AND CARBOHYDRATE 
METABOLISM 
That a relationship exists between the anterior pituitary and 
carbohydrate metabolism is now fairly well established. However, 
the mechanism is not clear since it has been complicated by the 
complex interrelationship of the anterior pituitary with the other 
glands of internal secretion and with the metabolism of fats and 
protein. 
Several types of physiological action have been shown for certain 
anterior lobe extracts. They will be discussed under the general 
topic of carbohydrate metabolism. The properties of the anterior 
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lobe considered under this topic are (1) blood sugar raising effect, 
(2) diabetogenic enec-c, (.i:S) pancreatropic effect, (4) glycotropic or 
anti-insulin ettect (sometimes called contra-insulin) and (5) glyco-
static effect. 
In discussing the hyperglycemic action exerted by anterior lobe 
extracts, one should distinguish between an immediate blood sugar 
raising action obtained by one injection within 24 hours or less and 
a true diabetogenic action exhibited only after repeated injections. 
The former may subside after 24 hours while the latter may persist 
for several weeks or longer. The above . terminology between the 
immediate and prolonged hyperglycemic effect has been followed in 
this discussion. 
Blood Sugar Raising Factor 
Johns et al. (1927) observed that within 24 hours following the 
first injection of anterior pituitary extracts there was a sharp in-
crease in the blood sugar in the normal dog. Eidelsberg (1932) 
showed that in the. rabbit the peak of the rise in blood sugar occurred 
1 to 1.5 hours after the injection. Hyperglycemic effect within sev-
eral hours in the dog has been reported by Lucke et al. (1933) and· 
by Shpiner and Soskins (1934). In the guinea pig, Holden (1934) 
found that a single injection produced a 170 per cent increase in 
blood sugar in 4 hours, while the maximum rise of 232 per cent came 
in 8 hours. Bergman and Turner (1938a) confirmed the observa-
tions of earlier workers indicating the presence in pituitary extracts 
of a factor which would cause a rapid rise in the level of blood 
glucose in the .guinea pig. They found that the maximum rise oc-
curred within 8 to 10 hours and have used this as a basis for an 
assay method for the blood sugar raising principle. 
Preparation of the Blood Sugar Raising Factor 
Little Js known concerning the chemistry of this factor. Crude 
extracts have been prepared by Johns et al. (1927) and Shpiner 
and Soskins · (1934). Commercial preparations were used by Eidels-
berg (1932) and Lucke et al. (1933). Holden (1934) prepared a 
simple alkaline extract according to the method of Loeb and Bassett 
(1930). Bergman and Turner (1938) extracted acetone dried sheep 
pituitaries with 60 per cent alcohol at pH 9 to 10. The active prin-
ciple ·was precitated from · the · supernatant fluid by adjusting the 
pH to 5.7 and adding 3 volumes of 95 per cent alcohol. 
Diabetogenic Effect 
By repeated injections in the dog, Johns et al. (1927) observed 
a longei+ lasting hyperglycemic effect of anterior lobe extracts. 
Houssay and Biasotti (1930) found that implantations of pituitary 
tissue under the skin of hypophysectomized-depancreatized toads 
resulted in the production of an intense diabetic condition. Evans 
et at (1932) reported the development of diabetes in dogs treated 
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chronically with hypophyseal growth preparations. Baumann and 
Marine (1932) found glycosuria in the rabbit af ter a few days 
treatment with anterior lobe extracts. In the same year, Houssay, 
Biasotti and Rietti (1932) found that the diabetogenic effect could 
be obtained in the normal dog and cat. Hyperglycemia in dogs was 
observed by Evans (1933) on the fifth day following injections of 
extracts rich in the lactogenic hormone. 
These results have been amply confirmed by Young (1937a, 1938a) 
when he showed that a diabetic condition persisted in some dogs 
after the cessation of injections. Campbell and Best (1938) have 
been able to confirm the findings of Young and noted further that 
the pancreas of one such animal yielded no insulin when injected. 
Young (1936a, 1937b, 1938b) has shown that none of the follow-
ing anterior pituitary hormones, including the lactogenic, thyro-
tropic, ·gonadotropic and glycotropic substance, are diabetogenic. 
Recently Houssay and Biasotti (1938) found the lactogenic, adreno-
tropic, FSH and LH hormones to have no significant effect. 
Extraction of the Diabetogenic Factor 
Evans et al. (1932) used a growth extract prepared according to 
the method of Eva1rn, Cornish and Simpson (1929). Young (1938a, 
1938b, 1939) extracted the diabetogenic factor from cattle pituitaries 
with alkaline saline at pH 8.5. Saline extracts at pH 2.5 were also 
prepared (Young, 1938a). 
Purification and Concentration of the Diabetogenic Factor 
Young (1938a) adjusted the alkaline and acid saline extracts to 
pH 8.0. The crude extract was clarified and used for injection 
purposes. Young (1938b) brought the alkaline saline solution to 
pH 5.5. After removal of the precipitate, the solution was ad-
justed to pH 8.0 and injected. In a continuation of his method, Young 
(1939) fractionated the supernatant solution at pH 5.5 with 
(NH4 ) 2SO 4 • The material precipitated by one-thfrd saturation with 
(NH4 ) 2S04 represented the euglobulin fraction. Only the globulin 
and pseudoglobulin fractions were diabetogenic. The diabetogenic 
fraction possessed thyrotropic, gonadotropic and glycotropic action. 
Pancreatropic Effect 
Anselmino, Herold and Hoffmann (1933) and Hoffmann and An-
selmino (1933) found that frequent injection of anterior pituitary 
extracts into rats would produce in a few days an increase in the 
size and number of islets of Langerhans of the pancreas as well as 
an increased secretion of insulin. Richardson and Young (1937) 
were unable to confirm the findings of Anselmino and his co-workers 
under the conditions stated by them. They did, however, observe 
an increase in the islet tissue by daily treatment with crude anterior 
lobe extracts for 2 weeks. Marks and Young (1939, 1940) have 
shown that .the insulin content of the rat pancreas was greatly in-
creased by daily treatment with crude anterior lobe extracts for 1 
or 2 weeks. 
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Preparation of the Pancreatic Factor 
Anselmino and Hoffmann (1933) prepared an active principle 
by extracting acetone dried cattle pituitaries with water. Protein-
free filtrate was obtained by adjusting the aqueous extract to pH 
5.2 with an acetate buffer and filtering through collodion. The 
filtrate was neutralized and used for injection purposes. Marks 
and Young (1940) prepared a crude alkaline extract from cattle 
pituitaries at pH 8.0. The supernatant solution was clarified and 
used in that condition. 
Glycotropic or Anti-insulin Effect 
Houssay and Potick (1929) described a property of the anterior 
lobe which inhibited the hyperglycemic effect of insulin in hypo-
physectomized toads. Cope and Marks (1934) showed that injec-
tions of a saline suspension of the anterior lobe into rabbits was 
followed by a resistance to the action of insulin. Young (1936b) 
suggested that the pituitary substance responsible for decreasing 
or abolishing the fall of blood sugar produced by the injection of 
insulin, without itself causing a rise in blood sugar level be called 
the "glycotropic factor." Young (1938a, 1938b, 1938c), in an ex-
tensive series of experiments, investigated the glycotropic action of 
various anterior pituitary extracts and found that it is not identical 
with lactogen, thyrotropin, gonadotropin or the diahetogenic prin-
ciple. Jensen and Grattan (1940) suggested that the glycotropic 
effect of the anterior pituitary is produced by the adrenotropic 
ho,rmone. 
Preparation of the Glycotropic Factor 
Cope and Marks (1934) prepared a saline extract from cattle 
pituitaries. The supernatant liquid was collected and passed through 
a sterile Seitz filter. 
Young (1938d) obtained the active principle from a saline ex-
tract. . The extract was adjusted to pH 5.5 to remove the lactogen. 
The active principle was precipitated from the solution with half 
saturation of (NH4 ) 2SO 4 and dialyzed to remove the salt. They 
report that it withstands boiling for 1 hour at pH 10 with little 
loss of activity. 
Glycostatic Effect 
Russell and Bennett (1936) and Fisher, Russell and Cori (1936) 
have shown that fasting hypophysectomiz'ed rats lose glycogen in 
the liver and muscle at a greater rate than do normal fasted r!Lts. 
They also noted that the abnormal loss of muscle glycogen, but not 
liver glycogen, could be prevented by the injection of crude anterior 
pituitary extracts. Russell and Bennett (1936), therefore, have 
postulafod that the anterior pituitary contains a "glycostatic sub-
stance" which depresses carbohydrate utilization. Young (1937b) 
observed that adult rabbits receiving injections of the glycotropic 
factor after , a short period of fasting possessed more liver and 
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muscle glycogen than did control animals. In adrenalectornized 
rats, Russell (1940) found that adrenal cortical extracts increased 
liver glycogen at the expense of oxidation, but not muscle glycogen. 
Anterior pituitary extracts failed to act on these animals. When, 
however, the anterior pituitary extracts were given in conji,mction 
with adrenal cortical hormone the action of anterior pituitary on 
muscle glycogen was fully developed. Russell (1938) concluded that 
the "glycotropic" activity was not associated with the following 
anterior lobe hormones: growth, adrenotropic, lactogenic, gonado-
tropic or thyrotropic. 
Long, Katzin and Fry (1940), in an extensive series of experi-
ments, have shown that the adrenal cortex increases the rate of 
glycogenesis. Long (1942) suggested that the mechanism of action 
of the cortical hgrmones on carbohydrates an.d protein metabolism 
may be influenced by the formation of carbohydrates from amino 
acids on their residues after deamination. Since anterior pituitary 
extracts produce both the glycotropic and glyco.static effect there is 
good reason to believe that these effects are mediated by the 
adrenotropic hormone. 
Preparation of the Glycostatic Factor 
Russell and Bennett (1936) made an alkaline preparation with 
0.04N Ba(OH) 2 • The supernatant solution was neutralized to pH 
8.0 and the excess barium precipitated with Na2S04 • The solution 
was centrifuged and the clear liquid used for injection purposes. 
THE MAMMOGENIC DUCT GROWTH AND LOBULE-ALVEOLAR 
GROWTH FACTORS OF THE ANTERIOR PITUITARY 
Gomez· and Turner (1937, 1938), on the basis of hypophysectomy 
and replacement therapy, have postulated the presence in the an-
terior pituitary of two mammogen factors, one which stimulated 
the growth of the mammary duct system, and the other which 
stimulated the growth of the lobule-alveolar system. In a continua-
tion of this study, Lewis and Turner (1939) found the duct factor 
present in all types of cattle pituitaries. They also noted that lipid 
extracts of the anterior pituitary were rich in this factor. Their 
best results .were obtained by extract:lon of the fresh anterior pitui-
tary tissue with several volumes of ether-alcohol mixture (1 :3) at 
50° C. (Lewis and Turner, 1938). Greep and Stavely (1941) were 
unable to find any activity in their ext racted lipoid fraction. How-
ever, they did find that vacuum disiccated powdere_d pituitaries as 
well as pituitary residues remaining after the Iipoid had been ex-
tracted contained mammogenic activity. Recently Gardner and 
White (1941) have obtained mammary duct growth in hypophysec-
tomized mice with a combination of highly purified lactogen plus 
estrogen. 
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Evidence to support the theory of a second mammogenic factor 
was presented by Mixner, Lewis and Turner (1940), who secured 
lobule-alveolar growth following the injection of fresh anterior 
pituitary of pregnant cattle into female mice. Such growth, how-
ever, was not secured with a lipid extract. In an extension of their 
;:itudies, Mixner and Turner (1941a, 1942) have obtained lobule-
alveolar growth with both acetone-ether dried anterior pituitary and 
a purified preparation, the initial extract. Lyons, Simpson and 
Evans (1942) have secured mammary lobule-alveolai: growth in 
hypophysectomized rats with the lactogenic hormore plus estrogen. 
More recently Mixner, Bergman and Turner (1942), on compara-
tive assays made on a group of anterior pituitary extracts of varying 
lactogen potency, indicated that the mammogenic lobule-alveolar 
growth factor was not identical with either the lactogenic, thyro-
tropic or gonadotropic hormones. 
EXPERIMENT AL 
METHODS OF BIOLOGICAL ASSAY 
The hormones followed in this investigation included lactogen, 
thyrotropin, unfractioned gonadotropin, adrenotropin, blood sugar 
raising factor, mammogenic duct and , mammogenic lobule-alveolar 
factors. A detailed explanation of the method of assay for each of 
these hormoneu follows. 
Lactogen Assay ·· 
For the lactogen determinations the common pigeon has been 
used as the test subject. Both the macro and micro methods of 
assay have been employed. In the macro determination the minimum 
stimulation of the crop gland as suggested by McShan and Turner (1936) was used. This is a subjective method of assay in which the 
excised crop gland is examined and rated when viewed by transmitted · 
light. A positive response is indicated by a minimum stimula-
tion or proliferation of the crop gland mucosa. A shallow intra-
pectoral injection is made. McShan and Turner (1936) suggested 
that a pigeon unit be defined as "the total amount of hormone in-jected during a period of 4 days which will cause a minimum but 
definite proliferation of the crop gland of 50-+-11 per cent of 20 
common pigeons weighing 300-+-40 gm." 
The International Standard of lactogenic hormone became avail-
able in 1938 and was reported to contain 10 Riddle-Bates units per 
mg. Meites, Bergman and Turner (1-941) found that if they changed 
the route of injection from the shallow intrapectoral to subcu-
taneous over the pectoral muscle, one McShan-Turner unit of 
lactogen would be equivalent to 1 International Unit of lactogen. 
Lyons and Page (1935) suggested injecting the lactogenic ex-
tracts intradermally over the crop gland~ By this method it was 
possible to detect small amounts of the hormone due to a "local" 
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reaction under the site of injection. A further advantage of this 
method is that one can compare 2 preparations in the same pigeon. 
Lyons (1937b) suggested a modificat ion of the "local" intradermal 
reaction using a minimum response. He considered a unit the 
amount required for a majority of 5 injected birds to show a positive 
crop response. Bergman, Meites and Turner (1940) have modified 
the "micro test" to include a larger number of test animals. They 
define a "micro unit" as "the amount of hormone which when in-
jected intradermally over the crop gland of 20 common pigeons will 
elicit a minimum response in 50-+-11 per cent of the pigeons." The 
crop glands were examined and rated when viewed by transmitted 
light. 
Meites, Bergman and Turner (1941) , in an extensive series of 
comparisons with International Standard lactogen, found that 1 
macro or intradermal unit was equivalent to 160 micro units. 
Occasionally it became necessary to use the micro method of assay 
for the determination of lactogen. During the process of purifica-
tion and concentration. of the anterior pituitary hormones some ex-
tracts contained only traces of the lactogenic hormone. To detect 
the small amount of lactogen present and to avoid the use of large 
amounts of extracts for assay purposes, the micro test became ex-
ceedingly .helpful. Another factor in using small amounts of the 
extracts is to lessen the synergism . that large doses of the other 
pituitary hormones might have on the test subject. lt is possible, 
therefore, to convert the micro units of lactogen present in an extract 
to. International Units by using the factor 0.00625 (1 micro unit = 
0.00625 I. U.) . 
Thyrotropin Assay 
The thyrotropic hormone was assayed by the m,ethod of Bergman 
and Turner (1939) using the day-old White Leghorn co.ckerel. This 
is a gravimetric method in which t he increase in weight of the 
thyroids of the injected chicks above that of the normal is used as. 
the unit of r esponse. A male chick unit of thyrotropin was defined 
as "the total amount of hormone administered over a 4-day period 
with subcutaneous injection once each day which will cause a mean 
weight increase of 50 per cent (to about 5.4-+-0.26 mg~) in the thyroid 
of 20 chicks weighing an average of 55-+-10 . gm." The normal 
thyroid weight was approximately 3.6 mg. The average normal 
weight of 345 chicks during a 4-year period was 3.67 mg. (Bergman 
a.nd Turner, 1941). The chick units of thyrotropic hormone may 
be calculated from t he ·mean stimulated thyroid . weight from the 
regression equation: 
x = 0.443y -'- 1.443+0.126 
where x represents the units of thyrotropic hormone and y the 
mean weight of the stimulated thyroids. 
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Gonadotropin Assay 
The unfractionated gonadotropic hormone was assayed by the 
method of Bergman and Turner (1939) using the day-old White 
Leghorn cockerel. Like the thyrotropic hormone assay method, 
this is a gravimetric method in which the increase in weight of 
the gonads of the injected chicks above that of the normal is used 
as a unit of measure. A unit of gonadotropic hormone was defined 
as "the total amount of hormone administered ove:r a 4-day period 
with subcutaneous injection once each day which will elicit a mean 
weight increase of 50 per cent (to about 13.2 mg.) in the gonads of 
20 chicks weighing an average of 55±10 gm." The normal gonad 
weight was reported as about 8.8 mg. at that time. During a 5-year 
period the average normal weight in 399 chicks was 9.2 mg. (Berg-
man and Turner, 1942). Separate assays for the follicle-stimulating 
and luteinizing hormones were not made. 
Adrenotropin Assay 
Bates, Riddle and Miller (1940) suggested the . 2-day-old chick 
as a test animal for the assay of the adrenotropic hormone. The 
chicks were injected subcutaneously daily for 5 days. A unit of 
adrenotropic or corticotropic activity was defined by them as "the 
total amount of a pituitary preparation required to increase adrenal 
weight by 25 per cent when injections are thrice daily, or one-half 
the amount required for a 25 per cent increase when injections are 
only once daily." 
For the assay of the adrenotropic hormone a modification of the 
method of Bates, Riddle and Miller (1940) has been made. Day-old 
White Leghorn cockerels were taken as the test subject. Since large 
doses of hormone are necessary to produce a 50 per cent increase in 
weight of the adrenals, it was found better to depend on a 25 per 
cent increase in weight. The chicks were injected subcutaneously 
for 4 days. A unit of adrenotropic hormone is defined as "the total 
amount of hormone administered over a 4-day period with sub-
cutaneous injections once each day which will elicit a mean weight 
increase of 25 per cent in the adrenals of 20 chicks weighing 55+10 
grams." The average adrenal weight of 106 control chicks during 
1941 was 9.31 mg., while the average adrenal weight of 62 control 
chicks in 1942 was 9.72 mg. The injection of small amounts of beef 
muscle extract comparable in weight to the injected pituitary 
powders did not produce an increase in the normal adrenal weight. 
From 2 to 5 control chicks were killed each week. 
The Blood Sugar Raising Factor Assay 
· The male guinea pig served as a suitable test animal for the 
assay of the blood sugar ·raising factor. This method, as developed 
by Bergman and Turner (1938a), depends on an increase of the blood 
glucose as a criterion of response. A guinea pig unit of this prin-
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ciple is defined as "the minimum amount of extract, which when 
injected intraperitoneally into well nourished male guinea pigs 
weighing 180 to 220 grams, will cause after 8 hours an average in-
crease of 50 per cent (to about 165 mg. per cent) in the blood sugar 
of five or more animals." The average normal value of a large 
number of ·male guinea pigs was approximately 110 mg. per cent. 
The blood sugar determinations were made by the method of Shaffer 
and Somogyi (1933). 
Mammogenic Duct Growth Factor Assay 
The mammogenic duct growth factor was assayed according to 
the method of Lewis, Turner and Gomez (1939). The method is 
based on the stimulation of the growth of the mammary rudiment 
of male mice. A mouse unit of the mammogenic duct growth factor 
is defined as "the total amount of tissue or extract required to pro-
duce definite signs o.f development in one or more glands of 50± 10 
per cent of 10 male albino mice weighing 10 to 25 grams." The 
injections were made once daily, subcutaneously for 6 successive 
days and the animal killed on the seventh day. 
Mammogenic Lobule-alveolar Growth Factor Assay 
For the assay of the mammogenic lobule-alveolar growth factor, 
Mixner and Turner (1941b) used virgin female mice that had been 
ovariectomized 4 or 5 days previous to the time of assay. A mam-
mary gland was removed and examined and only those with a smooth 
duct system were included. A mouse unit of mammogenic lobule-
alveolar growth factor is defined as "the total amount of material 
required per mouse, injected subcutaneously daily over a period of 
10 days, to obtain definite lobule-alveolar development in 50+10 per 
cent of 10 or more castrate nulliparous female mice weighing be-
tween 12 to 18 grams." Recently Mixner and Turner (1942) have 
observed that the addition of 75 I. u. of estrogen -per mouse over the 
10-day period enhances the ability of pituitary materials to cause 
lobule-alveolar growth. For this reason it is now included in the 
assay procedure. 
Injection Procedure of the Hormones 
For the purpose of injection the dried anterior pituitary prepara~ 
tions were dissolved in a slightly alkaline solution (with Na OH), 
then precipitated by bringing the solution to the isoelectric point 
with HCI. With the exception of the assay of the blood sugar raising 
factor, the volume of fluid injected daily amounted to 0.1 cc. In 
the blood sugar raising assays the volume of solution was from 0.5 
to 1.0 cc. 
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Removal of the Glands 
Where gravimetric methods of biological assay have been used, 
the glands were dissected with the aid of a binocular loupe and 
immediately weighed to the nearest 0.1 mg. on a precision balance. 
The glands from a representative number of control animals were 
taken at the same time. 
Collection and Preservation of the Pituitary Glands 
The method of collection and preservation of the pituitary glands 
prior to the extraction in the laboratory is of great importance. By 
keeping the glands frozen while in transit and until ready for use; 
loss of potency may be avoided and an increased yield of anterior 
pituitary lobes may be expected. 
The whole pituitaries consisted of "run of the mine" cattle glands 
and were bought from a commercial packing plant. During the col-
lection process at the packing plant, the glands were kept cold. 
They were uelivered in a frozen condition packed with carbon diox-
ide ice in lots · of 5 to 20 pounds. Upon arrival at the laboratory 
the frozen glands were stored in the cold room at -15 to -20° C. until 
ready for use. 
Dissection and Grinding of the Glands 
The anterior lobe was separated from the adhering tissue and 
posterior lobe by hand, the process being carried out on small 
batches in a semi-frozen condition. Since considerable adhering 
tissue was attached to the glands, the yield of anterior lobe was 
approximately 40 per cent. The anterior lobes were kept in a 
frozen condition until all the glands had been separated. The frozen 
glands were then thoroughly ground 4 to 5 times in a Model E. 
Quaker City Mill mechanical grinder to a thick paste. The tempera-
ture during the grinding process was between 0 and 5° C. After 
thoroughly stirring in a large crock, a sample portion of the fresh 
gland was taken and stored in the cold room at -15 to -20° C. This 
material, representative of the fresh pitu.itary, was available for any 
experimental work where fresh tissue was necessary or where a 
comparison was t o be made between the fresh and desiccated tissue. 
Pituitary tissue so preserved has been found to keep in excellent 
condition even after a year or more of storage. 
Preparation of the Dehydrated Pituitary Powder 
The ground glands were dehydrated and defatted by mixing with 
3 volumes of acetone. The acetone solution was immediately re-
moved by the use of an International centrifuge fitted with a perf-
orated disc and a draining chamber. The solids were r e-extracted 
three more times with acetone, followed by two washings with ap-
proximately two volumes of ether. The wet cake was spread out on 
wax paper in a thin layer and constantly stirred to facilitate,_drying, 
which is usually complete in about 5 to 10 minutes. Washing with 
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ether to remove the acetone is advantageous in that additional lipid 
material was removed and it also speeds the drying process. The 
dried tissue was weighed, ground with a mechanical grinder to a 
60-mesh sieve and stored in sealed bottles at approximately 15 to 
20° C. In this condition the dehydrated and defatted anterior 
pituitary powder has been kept for several years without any ap-
parent loss of potency. A total of 2983 gm. of dry tissue was ob-
tained from 15,000 gm. of fresh anterior lobes, or a yield of 19.86 
per cent. By this procedure it is possible to dehydrate large quan-
tities of material with a minimum of time and expense. 
The acetone-ether supernatant fluids obtained by dehydrating and 
defatting the fresh anterior lobe tissue were pooled. Concentration 
and purification of this material will be discussed in a later section. 
Assay of the Acetone Dried :Powder (Cattle) 
The acetone dried powder was assayed for its content of lactogen, 
thyrotropin, gonadotropin, adrenotropin, blood sugar raising factor 
and the mammogenic duct and lobule-alveolar growth factors (Table 
I). Bergman, lfouchin and Turner (1939) have previously com-
pared the acetone dried powders from sheep and cattle pituitaries 
for lactogen, thyrotropin, gonadotropin and blood raising factors. 
They found the two types of pituitary very similar in content of all 
factors except the gonadotropic hormone, the cattle pituitaries con-
taining only one-fourth as much as sheep pituitaries. Of particular 
interest at this stage of the purification process is the question of 
the mammogenic duct growth factor. Lewis and Turner (1938) 
reported that acetone-ether drying of the anterior hypophyseal 
tissue resulted in a recovery of about 40 per cent of its mammogen 
activity. Extraction by them of the fresh tissue with several volumes 
of ether-alcohol (1 :3) at 50° C. resulted in a lipid preparation 
containing one unit of potency per 3 to 4 mg., with recovery of 
about 100 per cent. Trentin, Bergman and Turner (19~2) found that 
50 mg. of the fresh tissue from which the acetone-dried powder was 
TABLE 1. THE HORMONE CONTENT OF ACETONE DRIED 
POWDER (CATTLE l 
Lactogen 
Thyrotropin 
Gonadotropin 
Adrenotropin 
Blood Sugar Raising Factor 
Mammogenic Duct Factor 
Mammogenic Lobule Factor 
*International Units. 
Units per 
mg. 
0.333* 
0.209 
0.072 
0.008 
0.025 
0.067 
0.058 
Total Units 
in 
2983 gm. 
993,339* 
623,447 
214, 776 
23,864 
74,575 
199,861 
173,014 
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prepared gave a unit response. They also found that 15 mg. of 
acetone dried powder gave a unit response, or that 1 mg. contained 
0.067 units (Table I). Considering the fact that one part of acetone 
dried powder is secured from approximately five parts of fresh tissue, 
this would indicate recovery in the acetone dried powder of about 
66.5 per cent. 
It is thus seen that somewhat more of the mammogenic duct factor 
can now be retained in the acetone dried powder. It is difficult to 
account at present for the high concentration reported in the lipid 
material. As their lipid material represented a crude unfractionated 
extract it is possible that some protein was carried over into the 
lipid fraction. 
Also of interest in this connection is the mammogenic lobule-
alveolar growth factor. Mixner, Bergman and Turner (1942) have 
found that 44 mg. of fresh anterior pituitary tissue was necess·ary 
to give a unit response. Upon dehydration of the fresh tissue 
17.6 mg. gave a unit response. Assuming that 80 per cent of the 
fresh tissue is water, it would indicate that in the acetone-ether 
drying of the fresh tissue approximately 50 per cent of the potency 
is retained. 
Methods of Extracting the Anterior Pituitary Hormones 
Two methods have been used for the chemical extraction, purifi-
cation and concentration of the anterior pituitary hormones. In the 
first method an attempt has been made to extract as many of the 
hormones as possible leaving a large portion of the inert protein 
in the residue. The extract was further fractionated to obtain 
relatively pure and potent preparations. During this study chemical 
information was gained on the individuality of some of these hor-
mones. As a result of this information a second method for prep-
aration of the hormones from pituitary tissue has been used. In this 
method the extraction and concentration of one hormone has been 
carried out without regard to the other factors or the presence of 
contaminating hormones. The most potent prepa;rations of the lac-
togenic hormone have been prepared by this procedure. 
Choice of Solvent 
In order to find a suitable solvent for the extraction of the lacto-
genic hormone, Bergman and Turner (1937) compared four common 
methods of extraction. They found aqueous 70 per cent alcohol at pH 
9 to 10 as used by Bates and Riddle (1935) t() be superior both for 
total yield and unitage to either the aqueous alkaline (Gardner and 
Turner, 1933), the acid acetone (Lyons and Catchpole, 1933), or the 
acetic acid method (McShan and Turner, 1935). . While the method 
of extraction with 70 per cent alcohol at pH 9 to 10 was satisfactory 
for the lactogenic hormone, it, however, was unsatisfactory for the 
extraction of other pituitary hormones. By decreasing the alcohol 
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concentration and increasing the alkalinity of the solution, a greater 
yield and unitage of these hormones was obtained. The lactogenic 
hormone was equally well extracted by this method. 
Preparation of the Initial Extract 
Sixty per cent alcohol at pH 10 to 11.5 has been found to be a 
t1atisfactory solvent for the extraction of the initial powder. Num-
erous preliminary trials have shown that a large portion of the hor-
mones present in the acetone dried powder can be extracted easily 
in this way. While the extractions have generally been made from 
acetone dried powder, they may be made equally well with fresh 
pituitary tissue. Large quantities of acetone dried powder can be 
extracted at one time and good product obtained both for total 
yield and unitage. A typical extraction is as follows: 
One.kilo of acetone dried anterior pituitary powder was thoroughly 
mixed with 16 volumes of 60 per cent alcohol by means of a me-
chanical glass stirrer. The suspension was brought to pH 10 
(Beckman glass electrode) by the addition to IN NaOH. After 
l:!tirring for one hour the insoluble residue was removed with the 
aid of an International centrifuge fitted with a perforated disc and 
a draining chamber. Any fine material held in suspension was re-
moved with a Sharples supercentrifuge clarifier ;,i.nd the clear super-
natant solution immediately adjusted to approximately-pH 7. The 
residues were combined and re-extracteq three additional times with 
16 volumes of 60 per cent alcohol, the extraction during the second, 
third and fourth times being at pH 10.5, 11.0 and 11.5, respectively. 
The supernatant fluids from the four extractions were combilled and 
the active factors precipitated by adjusting from pH 7.0 to pH 5.7 
with HCl followed by the addition of 3 volumes of 95 per cent alcohol. 
The suspension was held overnight at -10 to -15° C. In the morning 
most of the precipitate had settled to the bottom of the container 
and the greater part of the supernatant solution was decanted. The 
precipitate was collected and the remaining alcohol r.emoved with 
a bottle centrifuge. A small amount of hormone held in suspension 
in the decanted solution was easily collected by centrifuging with a 
Sharples. The combined precipitates were washed four times with 
4 to 5 volumes of 95 per cent alcohol, twice with ether and thoroughly 
dried by spreading on a piece of wax paper. The dried protein ma-
terial was weighed and ground to an 80-mesh sieve. The yield was 
71.9 gm. or 7.19 per cent. This fraction is referred to as the initial 
extract. 
In order to determine t.he efficiency of .extraction with 60 per cent 
alcohol at pH 10 to H.5, the initial extract was assayed for lactogen, 
. thyrotropin, gonadotropin, adrenotropin, blood sugar raising factor 
and for mammogenic duct and lobule-alveolar growth factors 
(Table II). 
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On the basis of these assays it would appear that in some in-
stances over 100 per cent of the hormone was extracted, which is 
impossible. Bergman, Houchin and Turner (1939) have suggested 
that because of the large amount of material required for a unit 
response, the hormones were not readily absorbed from the mass of 
pituitary tissue injected, and as a result, the apparent amount of 
hormone present in the acetone dried tissue was lower than that 
actually present. They have shown that if the daily amount of 
hormone present in the acetone dried tissue were injected at three 
sites rather than one, better absorption took place and as a result less 
tissue was necessary to give a unit response. Consequently the 
apparent content of the hormone in the acetone dried powder would 
be increased and the efficiency of extraction slightly decreased. 
TABLE II. EFFICIENCY OF EXTRACTION OF HORMONES FROM 
CATTLE PITUITARIES 
1000 gm. Acetone 
startijig Sample Dried Powder 71.9 gm. Initial Extract 
Total 
Units Total Units Units Units 
Hormone Assay per mg. Units per mg. Recovered Recovered 
% 
Lactogen 0.333* 333,000* 4.500* 323,550* 97,1 
Thyrotropin 0.209 209,000 2.940 211,386 101.2 
Gonadotropin 0.072 72,!)00 1.066 76,645 106.4 
Adrenotropin 0.008 8,000 0.095 6,831 85.4 
Blood Sugar 
Raising Factor 0.025 25,000 0.332 23,870 95.5 
Mammogenic Duct 
Factor 0.067 67,000 0.167 12,007 17.9 
Mammogenic 
Lobule Factor 0.058 58,001) 0.133 9,567 16.5 
*International Units 
In spite of the difficulty encountered in the assay of the acetone 
dried powder it is apparent that the initial extract contains a rather 
high proportion of lactogen, thyrotropin, gonadotropin, adrenotropin 
and blood sugar raising factor, from the point of view .of yield and 
unitage per milligram. Both the mammogenic duct and lobule-
alveolar growth content were low. The recovery for the duct factor 
was 17.9 per cent, while for the lobule-alveolii.r factor the recovery 
was 16.5 per cent. The question naturally arises whether these 
are real losses or apparent losses. 
Preliminary investigation of the initial extract also indicated the 
presence of the growth hormone. A factor which depresses the 
blood amino nitrogen has also been found. 
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By this method of extraction a reduction of 92 to 93 per cent of 
the dry weight . has been accomplished, which consisted chiefly in 
the elimination of cellular debris. At the same time, however, a 
high percentage of well known hormones has been re~overed .and 
thus the initial extract should be very satisfactory for experiments 
requiring the presence of these hormones in approximately the 
proportion found in the original pituitary. It may also serve as a 
starting point in an attempt to separate and further purify the 
hormones previously mentioned. 
Value of Successive Extractions 
In order to determine the value of successive extractions, an 
aliquot portion of 500 cc. was taken from eaeh of the separate 60 
per cent alcohol extractions at pH 10.0, 10.5, 11.0 and 11.5. The 
separate solutions were precipitated by adjusting to pH 5.7 with HCl 
followed by the addition of 3 volumes of 95 per cent alcohol. The 
suspension was held overnight at -10 to -15° C. The alcohol was 
removed by centrifuging and the precipitate dried by washing four 
times with 95 per cent alcohol, two times with ether, and dried by 
spreading on wax paper. The dried precipitates were weighed and 
ground to an 80-mesh sieve. 
By previously measuring the amount of liquid after each ex-
traction and on the basis of the weight of dry material obtained from 
each aliquot portion, it was possible to calculate the total amount 
of material present in each extraction. In order to determine the 
efficiency of succeeding extractions, the four separate extracts 
were assayed for lactogen, thyrotropin, gonadotropin, adrenotropin 
and the blood sugar raising factor and compared to the hormones 
present in the initial extract (Table III). 
The yield of protein material in the first extraction as compared 
to the protein in the initial extract, which consisted of the four 
combined extractions, was 58.1 per cent. In terms of units, 86.2 
per cent of lactogen, 75.6 per cent of thyrotropin, 64.4 per cent of 
gonadotropin, 57.5 per cent of adrenotropin and 70.0 per cent of 
the blood sugar raising factor were found in the first extraction. 
While a considerable portion of protein was obtained in the second· 
extraction, a very marked drop in both yield and unitage had oc-
curred. The protein amounted to 15.1 gm. or 21 per cent of the total 
weight. With the exception of the gonadotropic and adrenotropic 
hormones which were extracted to the extent of 28.6 and 32.7 per cent, 
respectively, only about 15 per cent of the total units of each of the 
remaining hormones was recovered. In the third extraction, 9.5 
gm. or 13.2 per cent of protein was found, with 3 to 9 per cent of 
the various units being obtained. The fourth extraction contained 
5.2 gm. or 7.2 per cent of the total protein. Approximately 3 per cent 
of the total hormones present in each group was found in this 
fraction. It is interesting to note that less than 1 per cent of the 
Extraction 
Xield (l?m.l 
Yield <~l 
Hormone Assay 
Lactogen 
Thyrotropin 
Gonadotropin 
Adrenotropin 
Blood Sugar Raising 
Facto.r 
*International Units. 
TABLE III. EFFICIENCY OF SUCCESSIVE EXTRACTIONS COMPARED WITH INITIAL EXTRACT 
Initial Extract 
l•t "'xtraction 2n~ Extraction 3Td F.xtraction 4th Extract! on I romblned Extraction ) 
41 8 15 1 9.5 5 2 71 9 
58 1 21 0 ,. ? 7.2 99 5 
Units Units Unit.::: Units Units 
per Total Units Re- per Total Units Re- per Total Units R~- per Total Units Re- per Total Units Re-
ma Tl nits covered ma Units covered ma llnlts covered ma Units covered me:. Units covered 
% % % % 
6.670* 278,806* 86.2 3,330* 50,283• 15.5 ,1.000• 9,500* 2.9 0.500• 2,600* 0.8 4.500* 323,550* 105.4 
3.821 159, 718 75.6 1,968 29, 717 14. l 1.237 11, 752 5.6 0.887 4,612 2.2 2.940 211,386 97.5 
1.181 49,366 64.4 1.450 21,895 28.6 0.560 5,320 6.9 0.483 2,512 3.3 1.066 76,645 103. 2 
0.094 3,929 57.5 0.148 2,235 32. 7 0.069 655 9.6 0.054 280 4.1 0.095 6,831 103.9 
0.400 16,720 70.0 0.255 3,851 '.6.1 0.103 979 4.1 0.182 946 4.0 0.332 23,871 94.2 
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lactogen was present. The mammogenic duct and lobule-alveolar 
growth factors were not included in the study. 
Comparing the first extraction with the initial extract (combina-
tion of the four extracts), the units per milligram for lactogen, 
thyrotropin, gonadotropin and blood sugar raising principle are 
greater. For the adrenotropin, the units per milligram were ap-
proximately the same. In the second extraction the units per 
milligram were considerably less with the exception of adrenotropin 
which was about 50 per cent greater. In the third and fourth 
extractions the units per milligram were less than in the initial ex-
tract in all cases. It is interesting to note that the units per milli-
gram in the fourth extraction were only slightly higher than in the 
acetone dried powder. 
Though additional hormone, no doubt, would have been obtained 
by a fifth or even a sixth extraction, it is evident that little is to be 
gained by prolonged treatment. A study of Table III shows that 90 
per cent, and in some cases even more, of the total units were ob-
tained in the first and second extractions. While additional protein 
was obtained by the third and fourth extractions, it consisted, in 
large part, of inert protein material, as less than 10 per cent of the 
total units present were found in these two extracts. It is sug-
gested that instead of a second extraction the volume of extractive 
be increased inasmuch as the limiting factor might be the solubility 
of the hormone. An alternative to a second extraction would be 
to wash the residue after the first extraction with a small volume of 
the extractive in order to remove active material lodged in the spaces 
hetween the protein particles. 
It is believed by some investigators that subjecting the hormones 
to strong acid or basic conditions in the extraction procedure for a 
long period of time destroys part of the activity, especially at room 
temperature. From the total units recovered there is little evidence 
to support this contention in the hormones examined. 
Besides the factors already mentioned, of importance also is the 
time element. It can be cut almost in half by eliminating more than 
a second extraction. This is significant when large batches of 
material are to be extracted. The use of large quantities of solvent 
may also be avoided. 
Separation of Thyrotropin, Gonadotropin, Adrenotropin And Blood 
Sugar Raising Factor from Lactogen 
Thyrotropin, gonadotropin, adrenotropin and the blood sugar 
raising factor were separated from the lactogenic hormone in the 
initial extact by extraction in an aqueous medium at pH 10. A 
detailed account of the procedure followed is here described. 
A 2 per cent suspension of protein was made by the addition of 
20 gm. of initial extract to 1 liter of distilled water. The powder 
was dissolved by the addition of small amounts of 1 N NaOH at pH 
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10. As soon as all of the protein was dissolved the solution was 
brought to pH 3.5 by the addition of lN H 2S04 • The precipitate was 
removed in a bottle centrifuge, redissolved in 1 liter of water at 
pH 10 and reprecipitated at pH 3.5. Resolution at pH 10 and repre-
cipitation at pH 3.5 was repeated a third time. The supernatant fluids · 
were pooled and adjusted to pH 5.5 with NaOH and any precipitate 
which formed was removed and added to the .original precipitate 
obtained at pH 3.5. The combined precipitates contained the bulk of 
the lactogenic hormone. Further purification of this fraction will 
be discussed in a later section. 
The combined supernatant fluid was further clarified by re-
moving any fine suspended material with a Sharples centrifuge. The 
clear fluid, containing thyrotropin, gonadotropin, adrenotropin and 
blood sugar raising factor, was dialyzed in coHodion tubes (Visking 
casings) for several days against cold distilled water until free of 
sulfates. At the end of this period the salt free solution ~as 
poured into 4 volumes of acetone and thoroughly mixed. If a precipi-
tate failed to appear the solution was adjusted to point of maximum 
precipitation by the addition of a few drops of alcoholic benzoic 
acid. After holding the suspension overnight at 0° C. or colder, 
the precipitate was collected, washed four to five times with alcohol, 
twice with ether and dried by spreading on wax paper. The yield 
of dried powder was approximately 4.96 gm. or 24.8 per cent (Fig. 1). 
This fraction was assayed for thyrotropin, gonadotropin, adreno-
tropin, the blood sugar raising factor and for traces of the lacto-
genic hormone (Table IV). By making these assays it was possible 
to follow the progress in the purification and concentration of the 
hormones as well as to determine the efficiency of the separation 
procedure. 
This particular extract, for convenience called the TGAB fraction, 
was found to be rich in thyrotropin, gonadotropin and the blood 
sugar raising factor. In fact, all three appear to be recovered very 
TABLE IV. SEPARATION AND CONCENTRATION OF TGAB* 
Starting Sample Initial 
20 gm. 
Extract 4. 96 gm. TGAB Extract 
Total 
Units Total Units Units Units 
Hormone Assay per mg Units per mg Recnvered Recovered 
% 
Lactogen 4.500** 90,000** 0.100** 496** 0.5 
Thyrotropin 2.940 58,800 9,500 47,120 80.l 
Gonadotropin 1.066 21,320 3.804 18,868 88,5 
Adrenotropin 0.095 1,900 0.241 1,195 62.9 
Blood Sugar Raising Factor 0,332 6,640 1.250 6,200 93.4 
*Thyrotropin, Gonadotropin, Adrenotropin, Blood Sugar Raising Factor 
**International Units. 
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EXTRACTION PROCEDURE FOR ANTERIOR PITUITARY HORMONES 
1000 gm. Anteri or Lobe 
Acetone Dried Powder 
200 gm. 
Extract with 60% Alcohol 
at pH 10.S,-ll.5 . 
Re°!idue Superiatant 
Inactive Bring to pH 5. 7 
Add*3 vol. 95% alcohol 
.& Supernatant 
Discard 
J. 
Precipitate 
Initial Extract 
14-16 gm. 
~ Extract with water 
at pH 10. Adjust to 
pH 3.5 
l 
Residue 
Dehydrate 4 times ·.vith acetone 
Wash 2 times with ether 
Combine solutions 
Supernatant 
Contains Lipid Material 
Supernatant 
Dialyze 
Pour in 4 vol. 
Acetone 
-1-
Lactogenic Fraction 
Extract with 70% 
Alcohol at pH 10 
AdJust to pH 6. 
.c 
Supernatant 
Inactive 
Precipitate con-
tains 
Thyrotropin 
Gonadotropin 
Adrenotropin 
Blood sugar 
Raising Factor 
3-5 to 4 gm. 
Fractionate with 
(NH4) 2so,; 
.& 
Residue 
Inactive 
* Supernatant 
Chill to.i;-10 to -15° c. 
Supernatant 
Inactive 
Precipitate 
Lactogen 
3.2 to 3.7 gm. 
Dissolve in water 
at pH 9- Adjust to 
pH 6.5 t 
+ Supernatant 
Adjust pH 
5.5 
Precipitate 
Contains 
Adrenotropin 
.r:--------.,., 
Supernatant 
Inactive 
Precipitate 
Lactogen 
l.l to l.5 
gm. 
Fig. 1.-Diagram illustrating the proce'dure used in the extraction, separation, and con-
centration of the anterior pituitary hormones. The yield of protein obtained from 1,000 ~m. 
of pituitary is indicated. 
efficiently by this method in that 80.1 per cent of the thyrotropin, 88.5 
per cent of the gonadotropin and 93.4 per cent of the blood sugar 
raising factor present in the initial extract was recovered. How-
ever, the recovery of the adrenotropic hormone was less efficient 
in that only 62. 9 per cent of the total units were obtained. Lyons 
(1937) has found adrenotropin is isoelectrically precipitated from 
an aqueous solution at pH 6.5, while lactogen is precipitated at pH 
5.5. This would indicate that the chemical properties are somewhat 
related and that it is possible some adrenotropin might be found 
associated with the lactogen fraction, which ·would account for the 
lower yield. 
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The potency per milligram of all four hormones compared to the 
potency in initial extract has increased three- to four-fold. Approxi-
mately 9.5 units of thyrotropin, 3.8 units of gonadotropin, 0.25 units 
of adrenotropin and 1.25 units of blood sugar raising factor are . 
,present per milligram. Compared to the acetone dried powder 
(Table I), the concentration per milligram for thyrotropin, gonado-
tropin and blood sugar raising factor has been increased 45, 53 and 
58 times, respectively. For adrenotropin the concentration has been 
increased only 30 times per milligram. 
It is interesting to note that only traces of the lactogenic hormone 
are present. Because of the low lactogeri content, B-ergman and 
Turner (1940) have demonstrated that extracts of this type do not 
possess the ability to initiate lactation in the rabbit in doses as 
· high as could be tolerated. They do, however, have a supplementing 
effect on established lactation. . 
Assays of the duct · and lobule-alveolar growth factors were not 
determined. However, a similar extract, Th-2a-40, did not produce 
lobule-alveolar stimulation in amounts up to 10 mg. (Mixner, Berg-
man and Turner, 1942). 
Because of the high concentration of hormones in this extract it is 
an excellent source for the separation and concentration of the 
factors which the assays indicate are present. 
Fractionation of the TGAB Extract with Ammonium Sulfate 
The separation of blood serum proteins into two fractions may be 
accomplished by half-saturation with (NH4 ) 2SO 4 • The globulin 
is salted out, while the albumin remains in solution. Separation 
of the two fractions may also be accomplished with 1.5M Na2S04 • 
The globulin in turn may be divided into two fractions, euglobulin 
and pseudoglobulin, the former being precipitated with 1.0 M Na2S04 
(Howe, 1925). 
Ammonium sulfate has been used frequently for the fractionation 
of -anterior pituitary extracts. Thus Young (1939) has separated 
a water soluble pituitary extract into three fractions. The euglobulin 
was obtained with 33 per cent saturation of (NH4) 2SO 4, pseudoglo-
bulin with 50 per cent saturation and albumin by complete satura-
tion. Since a water soluble extract can be prepared from the TGAB 
fraction, an attempt was made to separate these hormones by frac-
tionation with (NH4) 2SO 4 • 
One gm. of a dried powder (Th-2a-40) similar to the one described 
in the preceeding section and previously assayed for thyrotropin, 
gonadot):'opin and the blood sugar raising factor was stirred for 
30 minutes with 100 cc. of distilled water. The soluble portion 
was separated by centrifugation and the insoluble portion extracted 
a second time with 100 cc. of distilled water. . The residue which 
remained was dried in a manner similar to that described in pre-
ceeding sections. This fraction will be referred to as Th-3-40. The 
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two supernatant solutions were combined and solid (NH4 ) 2SO 4 
added to 10 per cent saturation. As no precipitate formed and only 
a slight turbidity occurred after standing in the refrigerator for 
3 hours, the concentration of (NH4 ) 2SO 4 was increased to 20 per 
cent saturation. At this stage the solution became very turbid, 
but only a minute amount of precipitate was visible after standing 
for 3 hours in the cold. The precipitate was not removed but addi-
tional (NH4 ) 2SO 4 to a concentration of 30 per cent saturation was 
added. A small amount of precipitate formed which was removed 
after remaining for the usual period in the cold. Solid (NH4 ) 2SO 4 
was added to 40 per cent saturation. This precedure of increasing 
the (NH4 ) 2SO 4 at intervals of 10 per cent saturation and removal 
of the precipitate after standing in the cold for the appropriate 
time was continued until the solution was completely saturated. 
The separate precipitates were each disso'lved in a minimum of 
water and dialyzed in collodion tubes against cold distilled water 
until free of sulfates. The solutions were poured into 4 volumes of 
acetone and thoroughly mixed. Complete precipita:tion was brought 
about by the addition of a few drops of alcoholic benzoic acid. The 
solutions were cooled at 0° C. overnight. The inactive supernatant 
was discarded and the precipitates dried with alcohol followed by 
ether. 
The original extract Th-2-40, the insoluble residue Th-3-40 and 
the separate salt fractions were assayed for thyrotropin, gonado-
tropin and blood sugar raising factor (Table V). The fractions 
precipitated at 50 to 60 per cent saturation of (NH4 ) 2SO 4 contained 
the highest unitage of the thyrotropic hormone. Though the yield 
of hormone was small, approximately 18 units of thyrotropin per 
TABLE V. FRACTIONATION OF pH 6.5 SOLUBLE EXTRACTIVE WITH (NH4>2S04 
Blood Sugar 
Thyi:QtJ:QP.ID QQnadotrORin Raising ractQr 
Dry Units Total Units Total Units Total 
Fraction Weight Iler mg, :!J:nits 2er mg, Units 2er mg, Units 
mg. 
Th-2-40 (Original Sample ) 1,000 10.909 10, 909 1.697 1,697 0.815 815 
Th-3-40 (water-insoluble) 280 12.504 3,501 1.668 467 1.600 448 
30 per cent SAS* 24 2.839 68 0.533 13 1.036 24 
40 n 
" 
n 40 6.480 259 5.867 235 0.309 12 
50 
" 
n 51 18. 706 954 2,520 129 1.145 58 
60 
" " 
62 11.086 687 3.165 196 0.400 25 
70 
" 
198 7.834 1,551 1.245 247 1.291 256 
80 42 2.537 107 2.220 93 0.600 24 
90 
" 
n 16 2.632 42 1.465 24 0.236 4 
100 n 7 
*Saturation Ammonium Sulfate. 
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milligram were obtained at 50 per cent saturation. This fraction, 
however, possessed some gonadotropin and blood sugar raising 
activity. The greatest activity for the gonadotropic hormone was 
found in the 40 per cent fraction. Approximately 6 units 'per milli-
gram were obtained. Both from the standpoint of activity and yield 
the 70 per cent salt fraction was superior for the blood sugar raising 
factor. 
The insoluble portion Th-3-40, the weight of which amounted to 
280 mg., was potent for all the hormones. In fact, the highest ac-
tivity for the blood sugar raising fador was found in this fraction. 
As a whole, it was comparable to the original sample Th-2-40. 
It is interesting to note that Fevold et al. (1940) have reported that 
the thyrotropic hormone is largely precipitated at 2.4M (NH4 ) 2SO 4 
which is approximately 40 per cent saturation, with the greatest 
contamination consistfng of the luteinizing hormone. Fraenkel-
Conrai et al. (194(J), on the other hand, found most of the thyro-
tropic hormone was obtained with 50 per cent saturation. They do 
not state the degree of impurity of their extracts. 
It is difficult to draw any definite conclusion from an experiment 
of this type. A second determination was made with virtually the 
same results. While the activity has been greater in some fractions 
than in others, no clear cut separation has been effected. With 
the thyrotropic hormone, for example, it is possible that the com-
bined 50 to 70 per cent precipitates might be further fractionated 
and thereby obtain a relatively pure and potent extract. However, 
these same fractions also contain gonadotropin and the blood sugar 
raising factor. 
Concentration of the Lactogenic Hormone 
The residue which remains 'after thyrotropin, gonadotropin, adre-
notropin and the blood sugar raising factor had ·been removed · 
contained the bulk of the lactogenic hormone along with other inert 
protein material. The lactogenic hormone can best be concentrated 
in the following manner: 
The residue was suspended in 50 volumes of 70 per cent alcohol 
and IN NaOH added until the protein went into solution. By con-
tinuous agitation the protein will go into solution at pH 9.5 to 10. 
Sodium chloride to a concentration of 0.15 per cent was added and 
the solution adjusted to pH 6. The supernatant fluid was removed 
and immediately centrifuged with a Sharples centrifuge. Resolution 
at pH 10 and reprecipitation at pH 6 was repeated two more times. 
After three to four such extractions very little lactogen was found 
in the residue. The clear supernatant fluids were combined and 
placed in the cold at -10 to -15° C. After standing for 2 or more 
days the supernatant liquid became clear and a brick red precipitate 
formed at the bottom pf the container. By decanting the supernatant 
liquid it was possible to collect the greater part of the precipitate 
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in a centrifuge bottle. Any material adhering to the side of the 
container was removed with a spatula. The precipitate was washed 
four to five times with alcohol, two times with ether and dried. 
The yield of dried lactogen from 20 gm. of initial extract was 4.605 
gm., or 23 per cent (Fig. 1). 
The above mentioned precipitate was sticky and somewhat trouble-
some to dry. The larger particles should be thoroughly broken into 
smaller particles so that proper dehydration can take place. When 
this precaution is not carefully observed, both qualitative and 
quantitative losses of the hormone occur. 
In order to determine the concentration of the lactogenic hormone 
and the contamination of other anterior pituitary hormones, it was 
assayed for lactogen, thyrotropin, gonadotropin, adrenotropin, the 
blood sugar raising factor and for the mammogenic lobule-alveolar 
growth factor (Table VI). 
TABLE VI. SEPARATION AND CONCENTRATION OF LACTOGEN 
Starting Sample 
Hormone Assay 
Lactogen 
Thyrotropin 
Gonadotropin 
Adrenotropin 
Blood Sugar Raising Factor 
:Mammogenic Lobule Factor 
*International Units. 
20 gm. 
Initial Extract 4. 605 gm, Lactogen 
Total 
Units Total Units Units Units 
per mg. Units per mg. RecoveredRecovered 
4.500* 
2.940 
1,066 
0,095 
0.332 
0.133 
90,000* 
58,800 
21,320 
1,900 
6,640 
2,660 
18.000* 
0.021 
0.013 
0,042 
0.015 
0.067 
82,89U* 
97 
60 
193 
69 
309 
% 
92.11 
0.16 
0.28 
10.16 
1.04 
11.62 
The lactogenic hormone was found to be relatively free of thyro-
tropin, gonadotropin and the blood sugar raising factor. When 
injected in amounts of 10 mg. or 180 to 200 I. U., only minimum 
stimulation of the thyroids and gonads of the chick was obtained .. 
Excessive doses of 50 mg. or 900 to 1000 I. U. only produced a slight 
increase in the blood sugar of the guinea pig. Approximately 10 
per cent of the adrenotropin and lobule-alveolar growth factor 
present originally in the initial extract was present with the lac-
togen. In other words, one I. U. of Iactogen was associated with 
only 0.002 units of adrenotropin, 0.004 units of lobule-alveolar growth 
factor, 0.001 unit of thyrotropin, 0.0005 units of gonadotropin and 
0.001 units of blood sugar raising factor. The extract assayed from 
18 to 20 I. U. lactogen per milligram. 
While the lactogen fraction is considered relatively pure, it is, 
nevertheless, contaminated with traces of other hormones. In some 
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of the extracts prepared by earlier investigators, many of the effects 
assigned to the lactogenic hormone no doubt were produced by 
these minute contaminants. 
A surprising feature of this separation procedure is the high re-
covery of the lactogenic hormone. Approximately 92 per cent of the 
units present in the initi~l extract were recovered. This extract 
should therefore serve as an excellent product for further purifica-
tion. 
Studies on the Extraction of Lactogen 
Bergman and Turner (1937) have shown that aqueous 70 per cent 
alcohol at pH 9 to 10 was effective in extracting the lactogenic hor-
mone both for total yield and unitage per milligram. Later Bergman, 
Houchin and Turner (1939) found that if the extraction was carried 
out with aqueous 60 per cent alcohol at pH 9 to 10 the lactogen 
unitage per milligram was reduced but quantitative yields of lacto-
gen and of several other anterior pituitary hormones were obtained. 
In a previous section, it was shown that the first extraction with 
60 per cent alcohol at pH 10, which for convenience will be called 
CI2-41-60, contained .approximately 85 per cent of the total units 
of the lactogenic hormone found in the acetone dried powder. The 
potency per milligram was nearly 50 per cent greater than that of the 
initial extract which consisted of the four combined separate ex-
tractions. It was then suggested that an increase in the volume of 
the· extractive might increase the yield of 1actogen. 
A series of experiments was conducted to determine the effect of 
one extraction for 3 hours at room temperature with increasing 
concentrations of alcohol. In most of the trials 25 volumes of ex-
tractive were used, although in a few instances it was necessary 
to use 50 volumes. The alkalinity of the solution was kept at pH 
10, .but in some trials better results were obtained at pH 11. All 
the trials were conducted on small batches of the stock acetone dried 
powder originally prepared which contained 0.333 I. U. of lactogen 
per milligram. 
Extraction with 70 Per Cent Alcohol 
A quantity of acetone dried powder was suspended in a volume of 
70 per cent alcohol equal to 25 times the weight of the powder and 
thoroughly mixed with a mechanical glass stirrer. The suspension 
was brought to pH 10 by the addition of IN NaOH and extracted for 
3 hours. The insoluble material was removed by centrifugation. 
The supernat~nt solution was adjusted to pH 5.7 with IN HCl, 2 
v,olumes of 95 per cent alcohol were added and the resulting s).ls-
pension cooled overnight at -10 to -15° C. In the morning the super-
natant liquid was decanted and the precipitate washed four times 
with alcohol and twice with ether. Several extractions were made 
with batches of 50 to 300 gm. of acetone dried powder. Assays of 
the extracts were made and expressed as I. U. of lactogen. 
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TABLE VII. EXTRACTION OF LACTOGEN FROM ACETONE DRIED POWDER 
WITH 70 PER CENT ALCOHOL 
Description 
of 
Extract 
CI1-41-70 
CI2-41-70 
CI3-41-70 
*Acetone Dried Powder. 
pH 
pH 
10 
10 
10 
Starting 
Sample 
A.D.P,* 
gm. 
100 
50 
300 
Weight of Units 
Extract Recovered 
per 100 gm.Lactogenper 100 gm. 
A.D.P.* per mg. A.D.P.* 
gm. I. U. % 
3.310 
2.420 
2.578 
12.0 
13.0 
12.5 
119.3 
94.5 
96.8 
The results in Table VII show that a single extraction with 25 
volumes of 70 per cent alcohol at pH 10 will remove almost quanti-
tatively the lactogen from the acetone dried powder and also produce 
an extract with high lactogen activity. The assays for the three 
preparations ranged from 12 to 13 I. U. of lactogen per mg. A re-
covery of over 100 per cent was observed for extract CI1-41-70. As 
mentioned elsewhere this apparent high recovery of lactogen can 
be attributed to the lower rate of absorption of the acetone dried 
powder in the assay animal. The apparent amount of hormone 
present in the acetone dried powder is lower than is actually present. 
Extract CI2-41-70 consisted of the smallest quantity of extract, but 
contained the greatest unitage per milligram. 
In comparison to the initial extract, which contained 4.5 I. U. of" 
lactogen per milligram, an approximate three-fold concentration had 
occurred. More comparable, however, was CI2-41-60, which con-
tained 6.7 I. U. per milligram. This fraction was only about 50 per 
cent as potent as the 70 per cent alcohol extracts. 
An aliquot portion of the pH 5.7 suspension from the first trial 
was placed in the cold at -10 to -15° C. without the usual addition of 
2 volumes of 95 per cent alcohol. After standing for 2 to 3 days 
the supernatant liquid became clear and a considerable amount of 
precipitate was found at the bottom of the container. Addition of 
2 volumes of 95 per cent alcohol to the decanted liquid did not pro-
duce any additional precipitate on standing for several days. The 
yield and potency of the lactogen thus obtained was comparable to 
that obtained by the addition of 2 volumes of 95 per cent alcohol. 
It is possible to precipitate the lactogen thus extracted in the cold 
and thereby avoid the use of excessive amounts of .alcohol. 
Considering the higher unitage of lactogen obtained by the greater 
concentration of alcohol, it was of interest to determine the results 
of further increasing the alcohol concentration. In the following 
experiments the alcohol was increased to 80 per cent. 
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Extraction with 80 Per Cent Alcohol 
Fifty gm. of acetone dried powder was extracted at pH 10 with 
25 volumes of 80 per cent alcohol for 3 hours. The suspension was 
centrifuged and the supernatant solution adjusted to pH 5.7. After 
standing for several days at -10 to -15° C., very little precipitate had 
formed. At the time of reducing the alkalinity of the solution it 
was observed that considerable turbidity occurred in the region 
around pH 6.5. The cold solution was again brought to room tem-
perature and the precipitate redissolved at pH 8. After adjusting 
the· pH to 6.5 the solution was placed in the cold. On standing for 
2 days in the cold the supernatant liqu;id became clear and consider-
able precipitate had formed. Addition of 2 volumes of alcohol to 
the decanted liquid did not produce any additional precipitate. The 
precipitate was coIIected and dried in the usual manner. Approxi-
mately 360 mg. of extract was obtained. Although this extract as-
sayed 20 I. U. of lactogen per milligram only 44 per cent of the total 
activity in the acetone dried powder was recovered. 
Since the unitage per milligram of lactogen was greater with 80 
per cent alcohol than with lower concentrations, but the total units 
recovered were much smaIIer, it seemed reasonable to conclude 
that the volume of extractive was too small. Furthermore, it was 
thought that a higher alkalinity would be more effective. Conse-
quently, in the second extraction the alcohol was increased to 50 
volumes and the pH to 11. The remainder of the procedure was 
the same as previously described. · 
The results of three trials are shown in Table VIII. The extracts 
varied from 18 to 20 I. U. per milligram. Although the yield for 
both CI2-41-80 and CI3-41-80 was increased approximately three 
times, it does not necessarily signify that the optimum condition for 
extraction has been reached. It is possible that considerable protein 
material could be obtained even at pH 10, provided 50 volumes of 
alcohol were used. On the other hand, 25 volumes of alcohol at 
pH 11 might also prove satisfactory. Extracts of this type contain-
ing a high unitage of lactogen are an excellent source for further 
concentratfon. 
TABLE VIIL EXTRACTION OF LACTOGEN FROM ACETONE DRIED POWDER 
WITH 80 PER CENT ALCOHOL 
Description 
of 
Extract 
CI1-41-80 
Cir41-80 
CI3-41-80 
*Acetone Dried Powder, 
pH 
10 
11 
11 
Starting 
Sample 
A.D.P.* 
gm. 
50 
10 
300 
Weight of Units 
Extract Recovered 
per 100 gm. Lactogenper 100 gm, 
A.D.P.* per mg, A.D.P.* 
gm. I. U. % 
0.720 
2.150 
1.985 
20 
18 
20 
43,6 
116,2 
119.2 
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Extraction with 90 Per Cent Alcqhol 
Ten gm. of acetone dried powder was extracted with 50 volumes of 
90 per cent alcohol at pH 11 for 3 hours. The yield was 20 mg. and 
assayed 5 units of lactogen per milligram. Increasing the pH did 
not produce a better extract. Only 3 per cent of the _total units 
present in the acetone dried powder was recovered. It appears, 
therefore, that 90 per cent alcohol is not conducive to the extraction 
of lactogen, both on the basis of unitage and yield. 
Comparison of the Solubility of Lactogen in Alcohol 
Extracts CI3-41-70 and CI2-41-80 were prepared in sufficient quan-
tities to permit assay determinations of the other anterior pituitary 
hormones. Both extracts were assaye,d for thyrotropin, adrenotropin, 
gonadotropin and the blood sugar raising factor. Extract CI3-41-70 
was also assayed for the mammogenic lobule-alveolar factor. Since 
the yield was poor and the unitage per milligram was low, it appeared 
that little worthwhile information would be obtained by assays 
other than lactogen on extract CI1-41-90. 
Table IX shows the results obtained by extracting anterior pituitary 
powder with increasing concentrations of alcohol. For comparison, 
the initial extract which consisted of the four combined extractions 
at pH 10 to 11.5, and CI.-41-60 which represented the first extraction 
with 60 per cent alcohoi at pH 10 are also included. As the alcohol 
is increased from 60 to 80 per cent the unitage of lactogen per milli-
gram increased from 4.5 units in the initial extract to 20 units in 
CI3-41-80. The highest recovery in yield from the acetone dried 
powder was obtained with extract CI3-41-80 in which over 100 per 
cent was recovered. in extract CI1-41-60 an 83.7 per cent yield was 
found but this lower yield was no doubt due to the smaller volume 
of extractive used. 
That the high unitage of lactogen per milligram with increasing 
concentrations of alcohol is due to differential solubility of lactogen 
is further demonstrated (Table IX). Both the initial extract as well 
as CI2-41-60 show that a large proportion of other factors is ex-
tracted with 60 per cent alcohol. The initial extract and CI2-41-60 
contain 3 units or better of thyrotropin per milligram, while only 
traces are present in CI3-4l-70 and CI,-41-80. The same appears to 
be true for gonadotropin. No stimulation of the testes of the male 
chick above that of the control was observed with 10 mg. of the 
latter two extracts. This represented the equivalent of 125 and 
200 units of lactogen, respectively. Considerable adrenotropin and 
blood sugar raising factor are present in the initial extract and 
CI2-41-60. The greatest impurity in CI,-41-70 and CI,-41-80 con-
sisted of these two factors. Although CI,-41-80 contained 20 I. U. 
of lactogen per milligram, it still was contaminated with 0.052 units 
of adrenotropin and 0.067 units of blood sugar raising factor. 
This represents 12.9 per cent of the adrenotropin and 5.3 per cent 
TABL}i: IX. SOLUBILITY OF ANTERIOR PITUITARY HORMONES WITH INCREASING CONCENTRATION OF ALCOHOL 
r actowen 
Blood Sug~Mammogenic Lobule-
Weight of Thvrotronin r.onadotronin .. lnn,nt-- ,,,_ A, ____ -;,_ ~- ·--
Extract Units Units Units Units Units Units 
Alcohol per Units Extracted Units Extracted Units Extracted Units Extracted Units Extracted Units Extracted 
Concen- 100 gm. per from per from per from per from per from per from 
Extract tration nH A.DP* ma A.DP* m<', A.DP* m". A.DP* mP" ADP* ma A D.P. mu. A.D.P.* 
% . ·.· gm • % % % % % % 
Initial Extract 60 10-11.5 7.190 4.50 97.1 2.94() 101.l 1.066 lll6.4 0.095 85.4 0.332 95.5 0.133 16.5 
Ciz-41-60 60 10 4.180 6,67 83.7 3.821 75.6 1.181 68.6 0,094 49.1 0.400 66.9 - - - -
CI3-41-71J 70 10 2.578 12.50 96.8 0.027 0.3 x - - 0.018 5,8 0.142 14.6 0.074 3.3 
Cl3-41-80 80 11 1.985 20.00 119.2 0.023 IJ.2 x - - 0.052 12,9 0,067 5.3 - - - -
CI1-41-90 90 11 0.200 5.00 3.0 - - - - - -
- -
- - - - - - - - - - - -
*Acetone Dried Powder 
x No Stimulation with 10 mg. 
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of the blood sugar raising factor present in the original acetone 
dried powder. That the blood sugar raising factor is not due to 
lactogen was previously demonstrated by Bergman and Turner 
(1938), who showed that extracts high in lactogen contained very 
little of the blood sugar raising factor, whereas a fraction rich in 
the blood sugar raising effect contained only traces of lactogen. 
Lyons, Simpson and Evans (1942) have secured mammary lobule-
alveolar growth in hypophysectomized rats with a lactogen prepara-
tion plus estrogen. They suggested that the lactogenic hormone 
might be identical to the mammogenic lobule-alveolar factor. Mix-
ner, Bergman and Turner (1942) found that the initial extract 
which contained 4.5 I. U. of lactogen per milligram also contained 
0.133 units of the mammogenic lobule-alveolar growth factor per 
milligram. Extract CI3-4l-70 contained 20 I. U. of lactogen, but only 
0.067 units of the lobule factor. The differential assays obtained 
with these extracts would indicate that the mammogenic lobule-
alveolar factor is not identical with the lactogenic hormone. 
Preparation of Lactogen of Highest Purity 
The chief contaminant of the lactogen preparations described in 
the preceding sections was adrenotropin and the mammogenic 
lobule-alveolar growth factor. Further purification has been ef-
fected by a modification of the method of Lyons (1937) for the 
removal of the adrenotropic hormone. A 1 per cent aqueous solution 
of the partially purified lactogen was prepared by dissolving the 
powder with the addition of 1 N NaOH to pH 9. The solution was 
then brought to pH 6.5 by the addition of 0.1 N HCI. A precipitate 
which formed was removed and the lactogen then precipitated by 
adjusting to pH 5.5. The lactogen precipitate was redissolved at pH 
9 and any precipitate which formed at pH 6.5 by the addition of 
0.1 N HCl was again removed. The supernatant solution was finally 
adjusted to pH 5.5. This procedure was repeated a third time in 
order to free the lactogen from adrenotropin and other contami-
nating protein material. The final pH 5.5 precipitate was washed 
and dried in the usual manner. The range of yields of protein 
varied from 20 to 45 per cent. 
The preparations shown in Table X assayed 25 to 30 I. U. of 
lactogen per milligram. Of these, PLR-41-70 contained the highest 
activity with 30 I. U. per milligram. All the preparations were made 
from extracts containing 18 to 20 I. U. of lactogen per milligram. 
The method for the preparation of these extracts has been described 
in the preceding sections (see also Fig. 1). Extract PLR-41-80 was 
prepared directly from CI..-41-80 (Table VIII) without any previous 
purification. While it was a little less potent than either PL2-41-60 
or PL"-41-70, the yield of protein was greater. In addition the 
method of purification was simplified in that it was not necessary 
to remove the thyrotropin, gonadotropin, adrenotropin and the blood 
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TABLE X. LACTOGEN ACTIVITY OF VARIOUS PREPARATIONS 
Descrip-
ti on Starting Sample Recovered Extract 
of Units Units Total 
Extract Weight per mg. Weight per mg. Units 
mg. I. U. mg, I. U. % 
PLl-41-60 300 18 61 25 28.2 
PL2-41-60 400 18 130 25-30 49;7 
PLl -41-70 300 20 89 25 37. 1 
PL2-41-70 300 20 67 25 27.7 
PL3.-41-70 300 20 116 30 58.0 
PLl -41-80 400 20 180 25 56.3 
sugar raising principle before proceeding with further concentra-
tion. Thus it was possible to prepare potent lactogen preparations 
in two steps-Cl) extraction of the acetone dried powder with 80 
per cent alcohol at pH 10 to 11; (2) further purificat ion by the 
method described in this section. 
Because of the small yields of protein, sufficient material was 
not available for the determination of assays other than lactogen. 
Considerable quantities would be necessary for complete assays 
since the original extracts from which the preparations were made 
contain only minute amounts of other hormones. 
Concentration of the Acetone-ether Fraction 
The acetone-ether supernatant fluids obtained by dehydrating 
and defatting the fresh anterior lobes were pooled and filtered to 
remove suspended protein material. The filtrate was chilled to 
-10 to -15° C. overnight. In the morning the supernatant solution 
was decanted. A small amount of residue found at th~ bottom of the 
container was water-soluble and may be discarded. The supernatant 
solution was distilled under low pressure (water pump) at a tem-
perature of 30° C. until all of the acetone, ether and water was re-
moved. Towards the end of the drying process considerable frothing 
occurred which was prevented by breaking the vacuum at intervals 
until the frothing ceased. The material remaining in the distilla-
tion flask was extracted several times with small amounts of ether 
and the combined ether solutions again chilled to -10 to -15° C. 
overnight. The residue was inactive and was discarded. The next 
morning the ether solution was filtered in the cold, the supernatant 
solutiop. poured into a vacuum desiccator and the ether removed by 
low pressure. During the removal of the ether, spattering was 
avoided by gently shaking the desiccator. The lipid material has an 
amber color and a pungent odor. The yield of fractionated material 
represented 1.5 to 1.7 per cent of the weight of the fresh material. 
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Trentin, Bergman and Turner (1942) found that 20 mg. of this 
lipid material failed to elicit a mammary duct response in a group 
of 15 mice. When injected at a 100 mg. level, a 40 per cent positive 
response was obtained in 10 mice. Doses of 125 mg. produced a 
slight stimulation of the thyroids and gonads in the chick, thus 
indicating the presence of a trace of protein material. 
DISCUSSION 
Since the discovery of the growth hormone by Evans and Long in 
1921, the number of factors claimed to be se~reted by the anterior 
pituitary gland has steadily increased. The question naturally 
arises as to whether these specific effects are mediated by specific 
individual hormones or are they side effects of known hormones also 
present in the extract. This has led to two schools of thought 
concerning the number of different factors which are secreted by the 
anterior pituitary. Some workers have minimized the number of 
separate factors, accepting only the gonadotropic, lactogenic, thyro-
tropic, adrenotropic and growth hormones. Others suggest that 
there are a number of separate factors including the follicle-stim-
ulating, luteinizing, lactogenic, thyrotropic, adrenotropic, growth, · 
parathyrotropic, several factors mediating carbohydrate, fat and 
protein metabolism, mammogenic duct and mammogenic lobule-alveo-
lar growth factors. Not all of the above effects have been shown 
actually to be affected directly by the anterior pituitary. For 
example, in this laboratory, I. L. Campbell has tested a number of 
anterior pituitary preparations without showing any stimulation of 
the parathyroid glands. 
The principal point of difference rests upon the question of the 
individuality or duality of the compounds which cause the multitude 
of physiological effects found in crude anterior pituitary prepara-
tions. Yet as further chemical work is done and greater purity is 
attained, final proof may eventually be presented to show that the 
many effects claimed are or are not due to separate factors. 
One of the major problems of hormone chemistry, therefore, is 
to find means of efficiently extracting, separating and concentrating 
the numerous hormones in the an,terior lobe. Two general plans· 
of attack have developed. Most investigators have been interested 
in one particular hormone and have developed procedures for ex-
tracting and concentrating the one hormone without regard to the 
other factors or the presence of contaminating hormones. A few 
investigators have made attempts to fractionate anterior pituitary 
extracts with a view to isolating in relatively pure form several 
physiologically active protein factors. In this investigation, an 
attempt has been made to find methods of extraction which would 
recover efficiently many of the recognized anterior pituitary factors, 
then attempt to separate and concentrate the various factors which 
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the assays indicated are present. This method has proved reason-
ably successful and provided valuable chemical information which 
became useful in the preparation of hormones by other methods. 
The extraction of the acetone dried tissue with 60 per cent alcohol 
at pH 10 to 11.5 has been found very satisfactory. Thus the initial 
extract prepared by this method accomplishes the first objective 
in that there was obtained a rather high percentage of lactogen, 
thyrotropin, adrenotropin, gonadotropin and blood sugar raising 
factor (Table II). Preliminary investigation also indicates that 
the growth hormone and an amino nitrogen reducing factor are also 
present. A disappointing feature of the extraction p1·ocedure was 
the low recovery of the mammogenic duct and mammogenic lobule-
alveolar growth factors. Only 17.9 per cent of the duct factor and 
16.5 per cent of the lobule-alveolar growth factors were recovered. 
It is possible that the other anterior pituitary hormones are also 
present although assays for them have not been made. 
The initial extract contains only 7 to 8 per cent by weight of the 
acetone dried powder. For physiological experiments requiring the · 
presence of a large number of the pituitary hormones in approxi-
mately their normal proportions and amounts, the initial extract 
should be a satisfactory preparation. Because of the high concen-
tration of the hormones present it also serves as an excellent source 
of material :for further studies on the separation and concentration 
of the anterior pituitary hormones. 
Of interest in the preparation of the initial extract from acetone 
dried powder was the value of successive extractions. Approxi-
mately 90 per cent or more of the total units were obtained by the 
first two extractions. A third or fourth extraction does not mate-
rially increase the recovery of any particular hormone or hormones. 
Instead there was a tendency to extract considerable inert protein 
material which contaminates the original product. It is possible 
to prepare potent extracts by a single extraction provided a sufficient 
volume of extractive is used. 
The second phase of this problem, namely, the separation of the 
thyrotropin, gonadotropin, adrenotropin and the blood sugar raising 
factor from the lactogenic hormone has been successful. A frac-
tion has been obtained which is very potent in thyrotropin, gonado-
tropin and the blood sugar raising factor, with lesser amounts of 
the adrenotropic hormone being present. A concentration of ap- · 
proximately 50-fold as compared to the original acetone dried powder 
has been achieved. An interesting feature of this extract is that 
it contains only traces of the lactogenic hormone, besides failing to 
elicit any mammary lobule-alveolar growth. '!'his would indicate 
that the lobule-alveolar growth factor is not identical to thyrotropin, 
adrenotropin, gonadotropin or the blood sugar raising factor. 
An attempt to fractionate an extract similar to the one just 
describe.ct into thyrotropin, gonadotropin and the blood ·sugar raising 
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factor by salting out with (NH4 ) 2SO., at pH 6.5 was only partially 
successful. A fraction obtained at 40 per cent saturation of 
(NH4 ) 2SO 4 contained 6 chick units of gonadotropin. Saturation 
with 50 per cent (NH4 ) 2SO 4 gave a fraction which contained ap-
proximately 18 chick units of thyrotropin per milligram. Although 
the quantity of dry material obtained was small, it is possible that 
by resolution in water followed by salting out a second time with 
(NH4 ) 2SO 4 potent extracts relatively free of other hormones could be 
prepared. 
In the present study, however, it has been possible to effect a 
relatively complete separation of lactogen from the other anterior 
pituitary hormones. This has been accomplished by extracting the 
residue which. remained after the thyrotropin, gonadotropin, adreno-
tropin and the blood sugar raising factors have been extracted, with 
70 per cent alcohol at pH 10. By adjusting the alkaline extractive 
to the point of maximum precipitation at about pH 6, and removal 
of the precipitate which formed, a clear supernatant solution was 
obtained. The chilling of this solution to -10 to -15° C. gave a 
precipitate which when dried, assayed 18 to 20 I. U. of lactogen per 
milligram. While still contaminated with a small amount of 
adrenotropin and the lobule-alveolar growth factor, it contained 
only traces of thyrotropin, adrenotropin and the blood sugar raising 
factor. Approximately 92 per cent of the lactogen present in the 
initial extract was recovered. 
Solubility studies of anterior pituitary hormones from acetone 
dried powder showed that lactogen is very soluble in aqueous alcohol 
at pH 10 to 11 in 60, 70 and 80 per cent concentration. The oppo-
site was observed for thyrotropin, gonadotropin, adrenotropin, 
blood sugar raising factor and the mammogenic lobule-alveolar 
growth factor. With 70 and 80 per cent alcohol only traces of these 
hormones are extracted, while with 60 per cent alcohol and at pH 10, 
approximately 100 per cent recovery is obtained. Thus it was found 
by increasing the alcohol from 60 to 80 per cent, a four- to five-fold 
increase in the lactogen was observed. It was possible, therefore, 
to extract acetone dried tissue with 80 per cent alcohol at pH 10 
to 11 and obtain lactogen which assayed 20 I. U. per milligram. · 
Evidence for the high degree of purity was observed from the 
low unitage of thyrotropin, gonadotropin, adrenotropin and blood 
sugar raising factor. 
Further concentration of the partially purified lactogen extracts 
by a modification of the method used by Lyons (1937) for the removal 
of the adrenotropic hormone has produced amorphous lactogen con-
taining 25 to 30 I. U. per milligram. Lactogen containing 30 I. U. 
per milligram has been prepared by Li, Lyons and Evans (1941). 
More recently, White, Bonsnes and Long (1942) claim 30 to 35 
I. U. for their best preparations. 
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No pltyuical-chemical tests have been made on the best lactogen 
preparation, in order to determine the homogeneity of the product. 
While the results obtained from studies such as solubility measure-
ments, electrophoresis and ultracentrifugation offer strong sugges-
tive evidence for the homogeneity of the lactogen preparations, they · 
do not necessarily preclude the possibility for further concentration. 
Neither is this true because the protein fraction will assay 30 or 
more I. U. of lactogen per milligram. Thus, for example, a sample 
of purified lactogen kindly furnished by Dr. E. Schwenk of the 
Schering Corporation and assaying 30 I. U. of lactogen per milligram 
was found by Mixner, Bergman and Turner (1942) to give con-
siderable mammary lobule-alveolar growth potency while other less 
pure preparations of 20 I. U. of lactogen per milligram contained 
only about one-third to one-half as much mammogenic lobule-alveolar 
growth activity. 
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SUMMARY 
1. The method of assay used for lactogen, thyrotropin, gonado-
tropin, blood sugar raising factor, mammogenic duct and lobule-
alveolar growth factors have been described. 
2. A method for assaying the adrenotropic hormone on one day 
old chicks was described. A unit of adrenotropic hormone is defined 
as the total amount of extract administered over a 4-day period 
with subcutaneous injections once each day which will elicit a mean 
weight increase of 25 per cent in the adrenals of 20 chicks weighing 
55±10 grams. 
3. The method of preparation and preservation of fresh and 
acetone dried tissue was discussed. Storage of the fresh tissue at 
-10 to -15° C. and the acetone dried tissue at 15 to 20° C. in sealed 
bottles, both retained their activity for a year or longer. 
4. Extraction of the acetone dried powder with 60 per cent 
alcohol at pH 10 to 11.5 was found to result in a reduction of 92 
to 93 per cent of the dry matter of the acetone dried powder, yet 
there remained a rather high percentage of lactogen, thyrotropin, 
gonadotropin, adrenotropin and blood sugar raising factor. Both 
the mammogenic duct and lobule-alveolar growth factors were not 
efficiently recovered by this method of extraction. This preparation 
was called the initial extract. 
5. The potency of extracts prepared by successive extractions 
of the acetone dried powder was compared with the potency of the 
initial extract. It was found that by one extraction with 16 volumes 
of 60 per cent alcohol at pH 10 it was possible to obtain 57 to 86 
per cent of the total units found in the initial extract which con-
sisted of the four combined successive extractions. 
6. Thyrotropin, gonadotropin, adrenotropin and the blood sugar 
raising factor were extracted from the i~itial powder with water at 
pH 10. The extract was found to contain practically all of the 
thyrotropin, gonadotropin and blood sugar raising factor present in 
the initial extract, whereas only 63 per cent of the adrenotropin ap-
peared to be recovered. Only traces of the lactogenic hormone were 
present. 
7. Fractionation of an aqueous extract containing thyrotropin, 
gonadotropin and the blood sugar raising factor with (NH4 ) 2SO 4 
was only partially successful. · 
8. A method of preparing partially purified lactogen from the 
initial extract was presented. The method is based on the solubility 
of lactogen in 70 per cent ·alcohol and at pH 6, and insolubility in 
the cold at -10 to -15° C. A recovery of 92 per cent of the units was 
obtained, which assayed 18 to 20 I. U. per milligram. 
9. The extraction of lactogen from acetone dried powder with 
increasing concentrations of alcohol was investigated. A single ex-
traction with 60 per cent alcohol at pH 10 gave a preparation which 
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contained 6.67 J. U. per milligram. One extraction with 70 per cent 
alcohol at pH 10 gave a product which contained 12 to 13 I. U. 
per milligram, while one extraction with 80 per cent alcohol at 
pH 10 to 11 gave a product that assayed 18 to 20 I. U. per milligram. 
With 90 per cent alcohol only 5 units per milligram were obtained. · 
10. Thyrotropin and gonadotropin were extracted only in minute 
quantities from acetone dried powder with 70 to 80 per cent alcohol 
at pH 10 to 11. Approximately 6 per cent adrenotropin, 15 per 
cent of the blood sugar raising factor and 3 per cent of the mammo-
genic lobule-alveolar growth factor were extracted with 70 per 
cent alcohol at pH 10. Lesser amounts were extracted with 80 
per cent alcohol at pH 11. 
11. Lactogen containing 25 to 30 I. U. per milligram was prepared. 
The method consisted in dissolving the partially purified lactogen 
at pH 9 in water, removal of a precipitate at pH 6.5, followed by 
final precipitation of the lactogen at pH 5.5. · 
12. The acetone-ether supernatant liquid containing the lipid 
material was concentrated and further fractionated in the cold. 
Doses of 100 mg. of the fractionated product gave a 40 per cent 
duct growth response. 
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